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4. EXECUTIVE SUMMARY

1.14. Introduction

Background

Per- and poly-fluoroalkyl substances (PFAS) are a group of man-made chemicals that have been
widely used since the 19505 in household and industrial products that resist heat, oil, stains, grease
and water. This includes non-stick cookware, food packaging, stain protection applications to fabric,
furniture and carpet, and firefighting foams. Since 1970, firefighting foams containing PFAS were
used extensively in Australia and elsewhere due to their effectiveness in fighting liquid fuel fires.
There are many types of PFAS, with the best-known examples being perfluorooctane sulfonate
(PFOS) and perfluorooctanoic acid (PFOA). PFAS have emerged as compounds of environmental
interest as they can travel long distances through soil and water and can get into groundwater.
These substances do not break down in the environment and can accumulate in animals, including
humans.

More recently, PFAS have been found to have contaminated sites where there has been historical
use of fire-fighting foams. In Australia, state and territory regulatory authorities have taken action to
reduce and provide guidance on the environmental and potential public health risks at sites where
there is confirmed contamination with these chemicals.

The Expert Health Panel

There is widespread community concern regarding PFAS exposure across a number of communities
around Australian Defence Bases where PFAS chemicals were used. To respond to this, the Expert
Health Panel (the Panel) for per- and poly-fluoroalkyl substances (PFAS) was established to advise
the Australian Government on the evidence for potential health impacts associated with PFAS
exposure. A complementary role was to identify priority areas for the National Health and Medical
Research Council’s (NHMRC’s) Per- and poly-fluoroalky! substances — National Health Research
Program i.e. where further research was most likely to add important evidence.

The members of the Expert Health Panel are:

® Chair: Professor Nick Buckley (University of Sydney);

® Professor Malcolm Sim (Monash University);
" Dr Ki Douglas (Douglas Consulting Australia);
® Professor Helen Hakansson (International Representative, Karolinska Institutet).

Professor Alison Jones (University of Wollongong) was initially part of the Panel but had to withdraw
from the Panel in January 2018 due to work commitments. Prof Jones was not involved in the
drafting of the final report.

1.2. Methodology

Assessing the evidence

The Panel undertook a comprehensive review of recent literature reviews regarding Australian and
international evidence on potential human health effects of PFAS exposure, alongside a public
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consultation. The public consultation process was able to inform the Panel of the communities’
concerns regarding PFAS and their health, as well as their views on priorities for future research.

In order to provide final advice by February 2018, the Panel focussed on identifying and reviewing
the latest systematic reviews of human epidemiological studies and (inter)national
authority/intergovernmental/governmental reviews and reports on potential human health effects
of PFAS exposure. This challenging timeframe was set to balance the need for well-informed expert
advice on the possible effects of PFAS on human health, and the need for timely advice for the
NHMRC and affected communities.

The Panel members noted that there were many systematic reviews and many government or
expert reviews published or available in the last few years, and a group from the Australian National
University (ANU) was already commissioned to undertake a systematic review of epidemiological
studies®. Thus, building on existing knowledge using these systematic reviews (since 2013) and the
most recent key national and international reports (since 2015) was a reasonable and appropriate
mechanism to enable the Panel to meet its objectives of examining the scientific evidence within the
timeframe. The Panel’s review did not generally extend to reviewing the primary studies which had
been included in the national and international reports and systematic reviews.

1.3, Summary of evidence for potential health effects

1.3.1.  Overview of the problem, the current evidence on health effects and the need
for further research

PFAS are a group of multiple related chemicals, some of which accumulate and persist in individuals
over many years and also persist in the environment for even longer. The two most relevant to this
review are PFOA and PFOS. These are highly persistent and were widely used in Australian fire-
fighting foams until phased out around a decade ago.

Exposure is largely via oral ingestion and PFAS accumulate in people due to extremely long
elimination half-lifes (many years). There are currently no known practical methods for people to
speed up elimination. Decisions have been taken to phase the most persistent PFAS out of use to
reduce accumulation. People have been advised to minimise excessive further exposure by not
drinking contaminated water sources and consuming foods with high levels of PFAS (e.g. animals
caught in certain areas). It is an ongoing important but necessary task for requlators to assess the
persistence and mobility in water and lipid environments of PFAS and similar compounds (>3000 in
use) and limit exposure to new PFAS compounds until there is good quality evidence that they pose
no concerns. It is not practically possible to eliminate all PFAS exposure due to the extremely wide
range of sources from which very low exposures may continue to occur.

International evidence shows that the general population typically have measurable PFAS
concentrations in their blood, and that people in highly exposed communities (e.g. those living near
PFAS manufacturing plants) typically have PFAS concentrations up to tenfold higher than those in
the general population (IARC, 2016; Priestly, 2016; RIVM, 2017; FSANZ, 2017). In Australia, available
evidence indicates blood concentrations of PFOS are generally higher than for PFOA for the general
population (Priestly, 2016). Available evidence indicates fire fighters in Australia may have PFAS
concentrations up to 1o-fold higher than the general population (Priestly, 2016). Many studies
related to overseas manufacturing plants have focussed more on PFOA. International evidence has

* This became Kirk et al., 2018.

2 PFAS Expert Health Panel - Report to the Minister, March 2018

ED_002330_00159228-00004



shown that workers in these plants often have PFAS concentrations up to 1000-fold higher than the
general population (IARC, 2016; Priestly, 2016; RIVM, 2017; FSANZ, 2017).

Although the evidence on health effects associated with PFAS exposure is limited, the current
reviews of health and scientific research provide fairly consistent reports of associations with several
health outcomes, in particular: increased cholesterol, increased uric acid, reduced kidney function,
altered markers of immunological response, levels of thyroid and sex hormone levels, later
menarche and earlier menopause, and lower birth weight. Differences between those with the
highest and lowest exposures are generally small, with the highest groups generally still being within
the normal ranges for the whole population. There is mostly limited or no evidence for an
association with human disease accompanying these observed differences. There is no current
evidence that supports a large impact on an individual’s health. In particular, there is no current
evidence that suggests an increase in overall cancer risk. The main concerning signal for life-
threatening human disease is an association with an increased risk of two uncommon cancers
(testicular and kidney). These associations in one cohort were possibly due to chance and have yet
to be confirmed in other studies. However, because the evidence is very weak and inconsistent in
many respects, some degree of important health effects for individuals exposed to PFAS cannot be
ruled out based on the current evidence.

The published evidence is mostly based on studies in just seven cohorts (see Kirk et al. 2018, page
15-16). These cohorts have generated hundreds of publications but there is a high risk that bias or
confounding is affecting most of the results reported. There are very large numbers of comparisons
being done in many studies, such that the risk of random variation in exposures and outcomes being
interpreted as real associations is greatly increased. This is compounded by the fact that there are
multiple PFAS, and other environmental or occupational hazards, so that there may be interacting
toxic effects, and it is hard to isolate the association with one or two analysed compounds. Many of
the biochemical and disease associations may be explainable by confounding or reverse causation
(see Section 6.15). Many studies had limited power to detect important associations.

Our advice to the Minister in regards to public health is that the evidence does not support any
specific biochemical or disease screening, or health interventions, for highly exposed groups (except
for research purposes). Decisions to regulate or avoid specific PFAS chemicals should continue to be
largely based on evidence of persistence and accumulation; they should not need to also be justified
by strong evidence of adverse health effects.

1.3.2. Research priorities

The community consultation highlighted a great many concerns about PFAS exposure and several
health effects; respondents were largely from those in highly exposed communities and fire-
fighters. Cancer risk and risks for children and firefighters stood out as areas of very great concern
but it was clear there were many potential concerns across the health spectrum. Detailed guidance
on research considerations and priorities are included at the end of the sections on each health
effect as part of Section 6, but there are some general comments that can be made about research
priorities:

# Longitudinal studies are needed rather than cross-sectional studies to reduce the risk of
bias and confounding. The best value for money for increasing the evidence for many
conditions will be adding PFAS exposure analysis to existing large cohort studies (e.g.
existing cohorts studying pregnancy or early life or long-term health or multiple
environmental exposures or fire fighters).
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w Australia is well placed to undertake good whole-of-population studies of exposed
communities/workers, due to the very high capture of linkable 'big data’ on health (e.g.
cancer registries, PBS/MBS data, ABS data, electronic medical records, etc.). Such studies
would avoid selection biases affecting many cohort studies, and also directly address
concerns of communities and firefighters that their health may be affected by PFAS.

® Better understanding of mechanisms of PFAS kinetics in humans would also be extremely
useful across a range of studies. This might include longitudinal biomonitoring, but also
might identify means to rapidly increase elimination which would allow for before-after
design studies across many outcomes within short time frames.

® The mechanisms for toxicity and the doses at which toxicity occurs are not well defined,
but animal evidence indicates PFAS can alter metabolism and gene expression in many
ways via interactions with a range of nuclear receptors. Exposure is usually quantified
based on the concentration of one or more compounds at one point in time. Better
biomarkers of the ‘net effect’ of all PFAS would be extremely useful. Human-derived
experimental models (i.e. human cell cultures) might be a useful adjunct to human studies.
Breaking down the link from molecular mechanisms to human disease into a series of
causal steps potentially allows use of a wider range of mechanistic data and facilitates
complementary use of human and animal toxicology data.

L Involvement of representative(s) of the exposed occupational group and/or community in
study advisory committees for future PFAS research could help to avoid perceptions of
lack of fairness, transparency and control, and improve hazard and risk communication.

1.%3.3. Lancer

The Expert Health Panel considered the findings and conclusions of five published key
(inter)national authority/intergovernmental/governmental reports (*key national and international
reports’) published between 2015 and 2017 and three systematic reviews since 2014 that analysed
the human epidemiological evidence regarding exposure to PFAS and cancer.

Summary of findings
With regards to the evidence of exposure to PFAS and cancer, there are:
# small numbers of studies on PFAS and cancer in manufacturing workers and communities
near these manufacturing plants;
# small numbers of cancers in many studies;
® low methodological quality and high risk of bias with many studies;
@ lack of consideration of important confounders;
L multiple comparisons; and
® a lack of consistency in findings between studies.

The occupational studies relate to manufacturing workers, not end users such as firefighters who are
the major group of workers at risk of occupational exposure in Australia.

The suggestive evidence, although still limited, relates to two types of cancer: kidney and testicular,
both uncommon tumours. Very limited evidence relates to bladder and prostate cancer and there is
no suggestive or convincing evidence for any other types of cancer.

The limited amount of evidence which is available relates to PFOA and not PFOS. Findings in animal
studies about tumour induction in rodents by PFOS and PFOA may not be relevant to humans.
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Advive to the Minister

The evidence does not support PFAS being a major contributor to cancer burden in workers or
exposed community populations.

The evidence on cancer risk is limited, but it is possible there is increased risk of some uncommon
cancers, such as kidney and testis. The limited evidence relates to PFOA, not PFOS.

Given the high concern about cancer-risk among both occupational groups, such as firefighters, and
those members of the community in contaminated areas during the consultation, and the
limitations of the available evidence, future research into cancer is a priority (see below). Better
designed cohort studies in exposed workers, such as firefighters, and communities in contaminated
areas, especially with improved exposure assessment could lead to stronger conclusions.

Research priorities

Large collaborative cohort studies are required to examine cancer associations in exposed Australian
workers and community populations in exposed areas. Further studies into the relatively uncommon
cancers — kidney and testes — are most indicated, based on the limited evidence in previous studies.
Studies need to be adequately powered, ideally supported by some quantitative exposure data (e.g.
blood concentrations), covering the majority of exposed populations, involve access to complete
cancer registry and death notifications from the region and also include access to data on possible
confounders.

There is also a priority for future research into cancer to investigate PFOS, rather than PFOA,
because PFOS is the most highly detected PFAS in Australia, and the best previous research
focussed on PFOA.

Previous studies have often been at high risk of bias due to low cohort numbers, very limited
exposure data, unadjusted multiple comparisons, lack of data on confounders or effect modifiers
(e.g. smoking) and selection, recall and survivor biases. Further studies subject to these same biases
are unlikely to add useful evidence.

Research in specific occupational groups (e.g. firefighters) will also have to deal with confounding by
the many other potentially carcinogenic chemicals that these groups are exposed to. This is also the
case with general population cohort studies, where account needs to be taken of work exposures for
cohort members. This can be more challenging in population cohort studies, due to the greater
diversity of jobs undertaken and relevant exposures in those jobs.

1.3.4. Metabolic biomarkers: Concentrations of cholestero! and triglycerides in the
blood

The  Panel considered the findings and  conclusions of six  international
authority/intergovernmental/governmental reports published between 2015 and 2017 and four
systematic reviews and literature reviews since 2013, that reported on exposure to PFAS and any
associations with blood cholesterol and lipid concentrations.

Summary of findings

Many studies highlighted that although there was a small statistical association between PFOA and
total cholestero! levels, this is unlikely to represent important differences for individual people.
However, these findings might still have some relevance for PFAS risk assessment for regulating
general population exposures.
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The association of PFAS with total cholesterol does not have an established causal mechanism. One
point to note is that PFAS do interact with PPAR receptors and these are involved in lipid requlation.
Drugs that are PPAR-a” agonists (e.g. fibrates) generally lower total cholesterol; PPAR-y agonists
(glitazones) increase total cholesterol.

The current evidence is largely from cross-sectional studies, which is generally a weak study design,
and stronger evidence would come from future cohort studies. Note that animal studies, including
some primate studies, have found decreases in serum cholesterol levels which is the opposite effect
to that observed in humans.

Advive to the Minister

An association of PFAS with cholesterol, but not other lipids, is generally observed but it is of small
magnitude, although there is an exposure-response relationship. Evidence to date does not
establish whether or not PFAS causes higher cholesterol, due to weak studies, inconsistencies with
animal studies, limited adjustment for confounders, the possibility of reverse causation and a lack of
any clear causative mechanism.

Due to the small association found and the other limitations noted above, the existing scientific
evidence does not warrant any change to peoples’ medical management or risk assessment for
heart disease. In the clinic, established risk factors for high cholesterol andfor heart disease such as
diabetes, diet, smoking, alcohol, blood pressure and kidney disease are usually of a much greater
magnitude than seen in studies on PFAS.

Resenrch pricrities

Studies that look for causal evidence are the key research need. Further cross-sectional studies are
unlikely to provide this information, but well-designed longitudinal studies may provide stronger
epidemiological evidence. Relevant studies would (for example) investigate direct evidence for
activation of causal biochemical mechanism(s) in humans, or determine whether reducing PFAS
concentrations in individuals alters cholesterol measurements.

1.3.5.  Liver function

The Panel considered the findings and conclusions of five published key (inter)national
authority/intergovernmental/governmental reports (‘key national and international reports’)
published between 2015 and 2017 and two systematic reviews since 2016 that analysed the human
epidemiological evidence regarding exposure to PFAS and liver function.

Summary of findings

An association of PFAS with elevated levels of the liver enzyme ALT® was observed in many studies.
This was generally of small magnitude, is not considered biologically significant and no link to
clinically important liver disease was noted. Evidence to date does not establish whether or not
PFAS causes a high alanine aminotransferase (ALT), and it is possible this reflects confounding by
other factors.

The scientific evidence does not support an association between PFAS and specific liver conditions,
such as hepatitis, cirrhosis or fatty liver.

2 . . .
Peroxisome proliferator-activated receptors.
? Alanine transaminase.
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The liver is a target organ for PFAS toxicity in high dose animal toxicity studies, where hepatic
steatosis (fatty liver) is observed. It is also a key organ for metabolic regulation relevant to PPAR and
other nuclear receptors. It is unclear if these are activated at concentrations relevant to Australian
exposures.

Advive to the Minister

There are small but inconsistent associations of LFTS and PFAS in some studies. Current standard
medical tests for liver damage and function in Australians frequently show minor abnormalities such
as those associated with PFAS. These can be due to underlying disease (e.g. chronic hepatitis,
alcoholic liver disease, viral diseases), medications, herbal supplements and obesity, or just be a
transient and reversible abnormality.

No routine medical monitoring of liver function for residents or others exposed to PFAS is required
on the basis of current evidence.

Resegrch priorities

Studies that look for causal evidence are the key research need. Further cross-sectional studies are
unlikely to provide useful information. Well-designed longitudinal studies which take into account
confounders {chronic hepatitis, alcoholic liver disease, viral diseases, medications, herbal
supplements and obesity) may provide stronger epidemiological evidence to indicate whether long-
term alteration of metabolism occurs and increases the risk of clinically important liver disease (e.qg.
hepatic steatosis and subsequent fibrosis). Relevant studies would also explore measurement of
activation of biochemical mechanisms that disturb liver metabolism, especially those pathways
relevant to lipids and cholesterol.

1.3.6.  Kidney function

The Panel considered the findings and conclusions of five published key (inter)national
authority/intergovernmental/governmental reports (‘key national and international reports’)
published between 2015 and 2017 and four systematic reviews since 2013 that analysed the human
epidemiological evidence regarding exposure to PFAS and kidney function, uric acid and kidney
disease.

Summary of findings

There is a clear link to kidney function with consistently shown associations between PFAS and uric
acid/kidney function in key reports and reviews. However, there is not strong support for a link
between PFAS exposure and kidney pathology; albeit one study linked deaths from kidney disease
to estimated high occupational exposures (which may have been due to confounding by other
potentially toxic chemicals).

All associations could be influenced by reverse causation, as it is well known that most PFAS are
eliminated by the kidney. Reduced kidney function would cause an increase in both serum uric acid
and PFAS.

Advive to the Minister

An association of PFAS with impaired kidney function and higher serum uric acid is consistently
shown. However, it has not been demonstrated that PFAS causes these problems or indeed is linked
to human disease; people with kidney disease are expected to have impaired elimination of PFAS
and thus higher levels.

PFAS Expert Health Panel - Report to the Minister, March 2018 7

ED_002330_00159228-00009



Reseqrch priorities

This will be a difficult area for researchers to propose and conduct rigorous study designs addressing
causal relationships. To reduce the problem created by potential reverse causation, long-term
prospective studies (not cross-sectional studies) are required, e.g. people with low and high PFAS
levels with baseline normal kidney function followed over time to examine the progress of kidney
function. Even these study designs might be subject to confounding due to unknown factors
affecting both PFAS clearance and rate of decline in kidney function.

Kidney tissue concentrations would be expected to be higher than concentrations in most tissues
due to active reuptake of filtered PFAS, thus it could be selectively causing kidney injury. Studies on
mechanisms of kidney PFAS elimination and potential for damage might be useful, and these could
potentially use human renal cell cultures.

Research on kidney elimination and kidney disorders might best be nested into broader studies
examining mechanisms or long-term health respectively.

1.3.7.  Thyroid effects

The Panel considered the findings and conclusions of five published key (inter)national
authority/intergovernmental/governmental reports (‘key national and international reports’)
published between 2015 and 2017 and five systematic reviews since 2013 that analysed the human
epidemiological evidence regarding exposure to PFAS and thyroid effects.

Summary of findings

There are no consistent associations between any particular PFAS and thyroid hormones. In those
studies where small associations were found, the pattern of changes in levels of the different
hormones was not consistent and there were often differences within the normal range, which is of
uncertain clinical significance. This applied to infants, children and adults.

For thyroid disease, there is limited evidence of an association between PFOA in women (in whom
thyroid disease is much more common), but not in men.

Studies of workers involved in the manufacture of PFAS, for whom exposure levels were
considerably higher than community members in population studies, were largely negative for
thyroid function and thyroid disease.

If there are any causal associations, it is difficult to disentangle which PFAS is likely to be involved
because of high correlations between the different exposures. Reverse causation may also be an
alternative explanation.

Potential thyroid effects were not a major concern among those who responded to the community
consultation.

Advive to the Minister

PFAS exposure is unlikely to be a major contributor to the burden of thyroid dysfunction or disease
in the community among infants, children or adults.

Resenrch pricrities

If further studies of thyroid function and thyroid disease are to be undertaken, these would best be
nested into longitudinal studies of a range of health effects and focus on groups where alterations in
thyroid function would be most critical (e.g. pregnancy and early childhood).
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Studies that explored the potential causal mechanisms of associations would also be useful e.g.
whether thyroid function changes PFAS elimination or whether PFAS affect thyroid hormone-
related transcription.

1.3.8. MNeonatal, infant and maternal outcomes from exposure during pregnancy

The Panel considered the findings and conclusions of five key international
authority/intergovernmental/governmental reports published between 2015 and 2017 and six
systematic reviews from 2014 that reported on exposure to PFAS during pregnancy.

Summuary of findings

There are several studies on PFAS exposure associated with pregnancy, prenatal and birth
outcomes, as well as infant growth. These studies are mainly cross-sectional and based on small-to-
intermediate population sizes in just a few study populations. From the limited evidence available,
current data on pregnancy, prenatal and birth outcomes and infant growth suggest that significant
associations with increased PFAS exposure relate to small changes in end-points such as pregnancy-
induced hypertension and pre-eclampsia, weight and length at birth, as well as infant growth.

However, the evidence is very limited. One major limitation is the lack of mechanistic data
explaining iffhow PFAS might impact on pregnancy, prenatal development and infant growth
processes. Further, existing mechanistic evidence is mainly based on experimental data from cell
and animal models. There is minimal human evidence linking pregnancy andfor developmental
outcomes associated with PFAS exposure to demonstrable effects of PFAS on human cell biology
and physiology.

Advice to the Minister

Current evidence does not support PFAS being a major cause of pregnancy-induced hypertension/
pre-eclampsia or other complications. PFAS exposure in fetal life was often associated with lower
weight and length at birth in general population studies. However, these decreases in birth weight
and length were mostly small and within the normal range. There was also an association with
slightly slower infant growth.

The major concern about PFOA/PFOS exposure in pregnancy would be these effects at general
population exposures. However, there are many other PFAS and environmental pollutants that
warrant surveillance in the general population. A strategy to provide PFAS research that also
supports ongoing human biomonitoring of early life exposures would be the most useful way to
contribute to prevention and assessment activities by public health researchers and regulators.

Reseqrch priorities

Pregnancy, prenatal and birth outcomes and infant growth measurements associated with PFAS
exposure were of high concern to those who responded in the public consultation, who generally
expressed strong support for “research into the potential health effects of PFAS exposure on
vulnerable populations such as pregnant women, babies, young children and the elderly”.

Large longitudinal studies are required to provide better data on associations between PFAS and
pregnancy, prenatal, birth and infant outcomes. Access to existing birth cohorts would be the most
efficient way to undertake such studies. Studies need to be adequately powered and ideally
supported by quantitative exposure data (e.g. blood concentrations) as well as relevant effect
biomarkers. Access to disease registers, as well as registers which monitor weight/growth/length
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parameters at birth, during childhood and into young adult age, can form the basis for well-designed
studies.

It is most likely that if PFAS exposure causes pregnancy, prenatal, birth and infant outcomes, this
would be due to altered endocrine function andfor metabolic changes rather than direct effects on
all cells. Therefore, this research should include analyses of hormones relevant to reproductive and
developmental/growth processes.

As all individuals are exposed to multiple other chemicals, it would be best value to include PFAS
measurement in studies that include assessment of other persistent chemicals and other
environmental factors affecting normal pregnancy (e.g. smoking, alcohol).

1.3.9. Reproduciive outcomaes

The Panel considered the findings and conclusions of three key international
authority/intergovernmental/governmental reports published between 2015 and 2016 and four
systematic reviews from 2013 onwards that reported on exposure to PFAS and reproductive effects.

Summary of findings

There is very little animal evidence referred to by the reviews to support that PFAS may alter
endocrine function at concentrations found in humans with environmental and occupational
exposures.

There are many human studies on PFAS and reproductive effects, with most studies examining
multiple biomarkers and clinical end points and multiple chemical exposures, with often a post-hoc
analysis of observed associations. There is thus a substantial risk that many findings are due to bias
or chance. This is reflected in the lack of consistency in the findings of studies. The reviews are not
generally in direct conflict, although often highlight different measures that might be worth
pursuing further.

There is a strong potential for ‘reverse causation’ in associations with late menarche and early
menopause, as menstrual blood loss and female sex hormones might both increase elimination of
PFAS (thus the absence of these would be associated with higher levels).

There is strong potential for confounding by other persistent organic pollutants with endocrine
effects in studies in the general population (which is where many of these studies have found
associations). There is also potential for confounding by many other factors e.g. BMI* and age.

Overall the human evidence is weak for a link between PFAS and clinically important reproductive
effects. The reviews conclude the strongest evidence of an association is for delayed puberty and
reduced sperm quality but these are of unclear significance and quite likely confounded.

The human dose-response threshold for these potential effects is very poorly characterised; the
majority of studies have been with background population levels rather than highly exposed
individuals.

Advice to the Minister

It is feasible that PFAS have effects on human reproduction and reproductive hormones. However,
despite several studies and reviews, the rationale and evidence is deficient in most respects. Studies
have generally compared average values or out-of-range values in those with higher or lower
measured PFAS. While this approach works for some outcomes where it is clear what is ‘normal’ and

* Body Mass Index.
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desirable, studies of human reproductive function are more difficult to do well. This is an extremely
complex and variable area of human biology and people’s reproductive capacity is expected to vary
greatly over time due to many other factors (e.g. age, diet, alcohol consumption, contraceptive use
and obesity). Further, interpretation of laboratory results often requires both knowledge of the
reproductive stage of the individual and simultaneous interpretation of several tests, to determine
what is abnormal and important and what might be contributing to them. This applies in research as
well as for individuals seeking specialist medical treatment.

Fertility issues were highlighted by a small number of respondents to the public consultation.
Research priorities

Studies of the effects of PFAS on reproductive health seem likely to provide useful information only
if done on existing well-characterised longitudinal cohorts that are examining clinical outcomes (e.g.
measuring PFAS in stored samples and whether these affected later fertility). The need for a specific
reproductive cohort is that there are many potentially important factors and confounders that are
unlikely to be recorded well even in general health records (e.g BMI, smoking, contraceptive use,
sexual history, etc) and interpretation of laboratory tests often requires clinical analysis. The best
value would come from adding this to an existing cohort, because setting a study up from scratch
would take a long time and be very expensive, and the evidence to date implicating PFAS is not
compelling.

Cross-sectional studies of multiple reproductive biomarkers have been done many times and further
studies are likely to be largely unhelpful, unless they are combined with a method of rapidly
eliminating PFAS so that a before-after design can be used to provide evidence for causal
mechanisms.

1.3.40. Immunological effects

The Panel considered the findings and conclusions of seven published key (inter)national
authority/intergovernmental/ governmental reports (‘key national and international reports’)
published between 2015 and 2017 and four systematic reviews since 2016 that analysed the human
epidemiological evidence regarding exposure to PFAS and immune function.

Summary of findings

There are few human studies on PFAS and immunological effects, with studies examining multiple
immune biomarkers and clinical end points and multiple chemical exposures, often with a post-hoc
analysis of observed associations. There is thus a substantial risk that many findings are due to bias
or chance. This is reflected in the lack of consistency in the findings of studies, which in turn has led
to the very diverse conclusions of the reviews summarised above. In addition, there is strong
potential for confounding by other persistent organic pollutants with immune effects in studies in
the general population (which is where many of these studies have found associations).

Inflammatory and immune disease also alter transporter expression, and thus it is feasible that
inflammatory disease could cause reduced elimination of PFAS (i.e. reverse causation).

The strongest evidence for a link between PFAS and clinically-important immunological effects is for
impaired vaccine response. However, the human dose-response threshold for potential immune
effects is very poorly characterised, and the overall human evidence is weak.

However, there is animal evidence that PFAS may alter immune function at concentrations found in
humans with environmental and occupational exposures.
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Advive to the Minister

PFAS are likely to alter the function of the immune system. However, it is unclear if this occurs at
current exposures or has any clinically important consequences. In particular there is no consistent
evidence for increased risk of infections or auto-immune disease.

Impaired vaccine response is the most consistent reported association. Internationally, most studies
that have observed decreased antibody levels have not found significant increases in incidence of
human disease or associations of higher blood levels of PFAS with infectious disease. However, they
were generally very underpowered to detect important differences in disease incidence (given the
rarity of many of these diseases).

Research priorities

Measuring vaccine response is a strong candidate for further studies as it has the advantage of
prospective (post-exposure) design, and objective outcomes.

Studies of infections or auto-immune disease would be best nested within a very large study of
overall health outcomes (ideally supported by data linkage to avoid recall biases).

Cross-sectional studies of multiple immune biomarkers have been done many times and further
studies are likely to be largely unhelpful, unless they are combined with a method of rapidly
eliminating PFAS so that a before-after design can be used to provide evidence for causal
mechanisms.

1.3.4%. Meurodevelopmental and neurophysiological effects

The Panel considered the findings and conclusions of three international
authority/intergovernmental/governmental reports published in 2015 and 2016 and five systematic
reviews from 2013 onwards that reported on exposure to PFAS and neurodevelopmental and
neurophysiological effects.

Summary of findings

The area of neurodevelopment is difficult to study. There are no biomarkers (as for cholesterol).
There is inconsistency in definitions and diagnostic criteria for conditions such as autism and
ADHD?®. Some studies had insufficient participants making it difficult to draw statistically valid
conclusions; others relied on parental report of behaviour and diagnosis. Additionally, there is no
established causal mechanism for PFAS to have an effect on neurodevelopment.

Advive to the Minister

An association with PFAS and neurodevelopmental and neurobehavioural outcomes in infants and
children is not consistently observed. There are many other significant influences on infant and child
development including maternal alcohol, drug and medication intake, maternal smoking,
socioeconomic status, parental education level, and heavy metal exposure (e.g. lead).

Four respondents in the community submissions process identified autism (3) and ADHD (1) as a
health concern.

Resenrch priorities

Studies that provide causal evidence are the key research need. Further, cross-sectional studies are
unlikely to provide useful information. Well-designed longitudinal studies which take account of

® Attention-deficit/hyperactivity disorder.
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confounders (alcohol, drug and medication intake, smoking, socioeconomic status, parental
education level, heavy metals including lead) may provide stronger epidemiological evidence that
might indicate whether PFAS affects neurological development. Any measurement of
neurodevelopment should be undertaken by trained examiners using a validated assessment
instrument. Such studies are expensive, and thus this means the best value for money would be to
add PFAS blood sampling to other prospective birth cohort/neurodevelopment studies that are
being undertaken or planned.

1.3.4%. EBiabetes, glycaemic control and metabolic syndromes

The Panel considered the findings and conclusions of four published key (inter)national
authority/intergovernmental/governmental reports (‘key national and international reports’)
published between 2015 and 2017 and four systematic reviews since 2013 that analysed the human
epidemiological evidence regarding exposure to PFAS and diabetes, glycaemic control and
metabolic syndromes.

Summary of findings

Epidemiological studies do not generally document consistent associations between PFAS and
diabetes, glucose metabolism or metabolic syndrome. One of the two studies of gestational
diabetes found an association. An association of PFOA concentration with increased diabetes
mortality, but not diabetes incidence, was found in one study of workers. However, there was no
relationship with estimated exposure to PFAS, or increased risk over the general population.

There are inconsistent associations in some selected populations, mostly based on weak study
designs. Any associations in cross-sectional studies may be due to reverse causation or confounding
with other conditions, such as kidney function.

Any association of PFAS with diabetes does not have an established causal mechanism. PFAS
interact with PPAR receptors which leads to multiple metabolic changes, but PPAR agonist drugs
generally improve glucose control.

Diabetes was not specifically raised as a concern in the community consultation.
Advice to the Minister

Consistent associations of PFAS with diabetes or metabolic syndrome have not generally been
observed. The most concerning signals are for diabetes mortality (but not diabetes incidence) and
gestational diabetes, but these might be explained by confounding by kidney function. The known
biological effects of PFAS on metabolism do not suggest this is a likely effect of PFAS.

Research priorities

Studies on diabetes risk would best be combined with other studies of overall health effects in
exposed workers or communities or pregnant women. Conversely, any studies of cholesterol,
kidney, weight gain, and cardiovascular disease should include a consideration of interactions with
diabetes and hyperglycemia.

Studies that look for causal evidence might also be useful. Relevant studies would (for example)
investigate direct evidence for activation of causal biochemical mechanism(s) in humans, or
investigate whether reducing PFAS concentrations in individuals alters glucose metabolism.
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1.3.1%3. Obesity, overweight and BMI

The Panel considered the findings and conclusions of four published key (inter)national
authority/intergovernmental/governmental reports (‘key national and international reports’)
published between 2015 and 2016 and four systematic reviews since 2013 that analysed the human
epidemiological evidence regarding exposure to PFAS and obesity and BMI.

Summary of findings

There were some inconsistent associations between PFAS and obesity in various age groups, but
any associations found related to very small increases and these are unlikely to represent important
differences at a clinical or population level. There was little consistent evidence for associations with
PFOS or other PFAS.

Any association of PFAS with obesity does not have an established causal mechanism. However,
PFAS do interact with PPAR receptors and these are involved in energy requlation; PPARy agonists
used in diabetes (rosiglitazone and pioglitazone) cause weight gain.

The current evidence is largely from cross-sectional studies, which is generally a weak study design,
and stronger evidence would come from future cohort studies with standardised measures and
those that could demonstrate a causal mechanism (to exclude confounding and reverse causation).

Obesity and weight gain were not a concern of those exposed to PFAS who responded in the public
consultation (although cardiovascular diseases that might be affected by weight gain were a
concern).

Advice to the Minister

An association of PFAS with excessive weight gain has been observed in some studies, but the
relationship is conflicting across studies and poorly characterised. Evidence to date does not
establish whether or not PFAS exposure is causally related to increased weight gain in any age
group, but if there is a causal link, then any weight gain is likely to be small. Study limitations, such
as weak study designs, limited adjustment for confounders, inconsistent measures, the possibility of
reverse causation, and lack of any measured causative mechanism, hinder firm conclusions to be
drawn.

Due to the limitations noted above, the existing scientific evidence does not warrant any change in
obesity prevention programs or to peoples’ medical management for obesity or related disorders.
Established risk factors for obesity, such as poor diet, excessive alcohol, some prescription
medications, and lack of exercise, are likely to be of a much greater magnitude than those
potentially caused by PFAS.

Research priorities

Studies that look for causal evidence are the key research need. Further cross-sectional studies are
unlikely to provide this information, but well-designed longitudinal studies in occupational groups or
highly exposed community groups may provide stronger epidemiological evidence. Relevant studies
would (for example) investigate direct evidence for activation of causal biochemical mechanism(s) in
humans, or determine whether reducing PFAS concentrations in individuals alters weight or adipose
tissue distribution.
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1.3.14. Cardiovascular effects

The Panel considered the findings and conclusions of two published key (inter)national
authority/intergovernmental/governmental reports (‘key national and international reports’)
published in 2015 and 2016 and three systematic reviews since 2016 that analysed the human
epidemiological evidence regarding exposure to PFAS and cardiovascular effects.

Summary of findings

Epidemiological studies do not generally document associations between PFAS and cardiovascular
diseases. There are inconsistent associations, mostly based on weak study designs, with various
cardiovascular risk factors (i.e. lipids, weight, hypertension). The association of PFAS with
cardiovascular disease does not have an established causal mechanism. However, PFAS do interact
with PPAR receptors and one potent PPARy agonist used in diabetes (rosiglitazone) has been linked
to heart failure and ischaemic heart disease. This could be a potential biological mechanism for
increasing the risk of cardiovascular disease. Alternatively, the lack of a consistent association may
be due to a small effect being swamped by the wide variation in intake of naturally occurring PPARy
modulators in foods.

Several studies investigated the link between PFAS and hypertension, based on self-report of
hypertension or taking medication. When actual blood pressure was measured in children, there was
no association with hypertension and exposure to PFOS or PFOA.

The current evidence for cardiovascular disease risks is limited, and based on studies of mortality
and cross-sectional self-reported health in PFAS exposed workers and in residents exposed to PFAS
in drinking water. Changed risk factors for heart disease may take decades to manifest as disease,
and stronger evidence would come from very long-term cohort studies and those that could
demonstrate causal mechanisms (to exclude confounding and reverse causation).

Cardiovascular disease, often linked to cholesterol, was a common concern of those exposed to
PFAS who responded in the public consultation.

Addvice fo the Minister

Associations of PFAS with cardiovascular disease have not generally been observed but the
relationship is poorly characterised. The known biological effects of PFAS on metabolism suggest
this should be the primary concern from excessive exposure in adults. As noted in other sections of
this report, there are consistent associations with biomarkers linked to cardiovascular disease (e.g.
uric acid, cholesterol, kidney function).

Evidence to date does not establish whether PFAS at exposure levels seen in Australia might
increase risks of cardiovascular disease, due to weak study designs, limited adjustment for
confounders, the possibility of reverse causation, and a lack of any measured causative mechanism.

Due to the small number of studies and limitations noted above, the existing scientific evidence
does not warrant any change to peoples’ medical management. Established risk factors for
cardiovascular disease such as smoking, poor diet, excessive alcohol, diabetes, some prescription
medications, and lack of exercise are likely to be of a much greater magnitude than those potentially
caused by PFAS.

Reseqrch priorities

Further cross-sectional studies are unlikely to provide useful information, but well-designed long-
term cohort studies may provide stronger epidemiological evidence.
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Studies that look for causal evidence are a key research need. Relevant studies would (for example)
investigate direct evidence for PFAS concentrations that activate potential causal biochemical
mechanism(s) in humans (e.g. PPAR activation), or determine whether as PFAS concentrations in
individuals reduce, biomarkers associated with cardiovascular risk also decrease (e.g. cholesterol,
weight, insulin resistance and blood pressure).

1.3.15. Respiratory effects

The Panel considered the findings and conclusions of one published key (inter)national
authority/intergovernmental/governmental report (‘key national and international report’)
published in 2015 and one systematic review published in 2018 that analysed the human
epidemiological evidence regarding exposure to PFAS and respiratory effects.

Summary of findings

There is no known direct effect of PFAS on the lungs, but effects through other pathways, such as
altered immune function, may be possible. There is very limited research and none supports any
associations.

The public consultation indicated respiratory effects were not a common concern of those who
participated.
Advice to the Minister

An association with respiratory effects has not been demonstrated in human studies, and there isno
known biological mechanism. As the main exposure pathway is through ingestion, research into
respiratory disease is not considered a high priority for research.

Research priorities

Specific research on respiratory effects is not a high priority, and any research on respiratory effects
should be done as part of a global health assessment, e.g. analysing whether elimination of PFAS
alters biomarkers of immune function including those relevant to the respiratory system.

1.3.26. Skeletal effects

The Panel considered the findings and conclusions of one published key (inter)national
authority/intergovernmental/governmental report (‘key national and international report’)
published in 2015 and two systematic reviews since 2016 that analysed the human epidemiological
evidence regarding exposure to PFAS and skeletal effects.

Summary of findings

There is a small number of cross-sectional studies on skeletal effects and PFAS exposure in a few
adult study populations. Current data suggest that the limited evidence of significant associations
relates to small changes in end points such as osteoarthritis, osteoporosis/bone mineral density. The
small amount of evidence which is available relates to associations with PFOA, PFOS, PFHxS or
PFNA exposure.

Skeletal and rheumatological effects were not a concern of those exposed to PFAS who responded
in the public consultation.

Advice to the Minister

The evidence does not support PFAS being a major cause of skeletal or rheumatological diseases in
highly-exposed communities, and nor was it a concern noted in the public consultation.
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Reseqrch priorities

Specific research on skeletal effects is not considered to be a high priority. Effects on bone growth
would be best integrated within other studies of PFAS and childhood development, e.g. include
measures of weight/growth/length from birth through childhood and into young adult age. This
would be complemented by analyses of hormone levels relevant to bone formation (e.qg. growth,
thyroid and sex hormones). Rheumatological diseases would be best integrated with studies of
overall health and/or immune function.

1.4. Lirnitations

Multiple limitations and issues with the human epidemiology literature were highlighted by the key
(inter)national reports and systematic reviews. Limitations of the studies included study design,
particularly the large number of cross-sectional studies whereby cause and effect cannot be
substantiated, exposure to multiple PFAS, the small number of studies available on some health
effects, issues with statistical analysis (such as multiple comparisons), confounding (whereby
something else other than PFAS may be influencing the findings), the possibility of conflict of
interest in studies funded by PFAS manufacturers, response issues and selection, recall and
reporting biases.

1.5, Key findings from public consultation

The purpose of the consultation process was to allow the public the opportunity to provide
information to the Panel on their health concerns regarding PFAS exposure and contamination, the
exposure pathways that concern them, and the extent to which they feel they have been informed
on various aspects of PFAS contamination. The submission form also allowed the public to express
their views on which areas of human health research relating to PFAS they felt should be prioritised
as part of the Australian Government's further research into the potential health effects of PFAS
exposure.

The public’s views on the various health effects have already been commented on under a number
of the 14 health effects above. The public consultation also showed that:

® There is concern from the public, many of whom feel that PFAS exposure has already
affected their health, and it may affect their health in the future.

L Overall, respondents indicated that past exposure to PFAS, occupational exposure to PFAS
especially in firefighters, and skin contact with PFAS were the most concerning exposure
pathways to them.

® Over half of respondents felt “not at all informed” or “not informed” about the

Government’s response to addressing health concerns of communities exposed to PFAS.
Conversely, only 21% of respondents reported feeling “informed” or “very informed” about
the Government's response.

w When asked about their views on what research on PFAS exposure should be prioritised,
respondents reported that research on the health effects of occupational exposure to
PFAS, in particular among firefighters, should be prioritised, along with further research
into potential health impacts on communities that have experienced high exposure to
PFAS due to contamination.
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Thirty-one of the 109 respondents who commented on other areas of human health
research they want prioritised, commented on a need for blood testing for those who have
been exposed through their work or who live in or near an investigations site.
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r INTRODUCTION

2.1. Background

The Expert Health Panel (the Panel) for per- and poly-fluoroalky! substances (PFAS) was established
to advise the Australian Government on the potential health impacts associated with PFAS exposure
and to identify priority areas for further research to inform the National Health and Medical
Research Council’s (NHMRC’s) Per- and poly-fluoroalkyl substances — National Health Research
Program.

The Panel members are:

# Chair: Professor Nick Buckley (University of Sydney);

® Professor Malcolm Sim (Monash University);
" Dr Ki Douglas (Douglas Consulting Australia);
® Professor Helen Hakansson (International Representative, Karolinska Institutet).

Professor Alison Jones (University of Wollongong) was initially part of the Panel but had to withdraw
from the Panel in January 2018 due to work commitments. Prof Jones was not involved in the
drafting of the final report.

The Panel convened in October and December 2017, and early February 2018.

The Australian Government requested the Panel’s advice be informed by:

® taking into account the recent evidence available from both Australian and international
scientific research into the potential human health effects of PFAS exposure; and
@ considering the views of the public and other stakeholders via a public submissions process

which was open between 119 November 2017.

The Panel has been supported by the secretariat services and technical drafting services of Allen +
Clarke.

2.2. Purpose of the report

The purpose of the Report is to provide the Minister of Health with the Panel’s assessment of:

® findings of recent reviews regarding Australian and international evidence on potential
human health effects of PFAS exposure;
w future research needs related to PFAS exposure and its potential impacts on health.

This Report also contains the findings from the public consultation that was targeted at Australians
who were concerned about PFAS to gather information on how they perceived PFAS affected their
health, and what they thought research priorities should be.

The Report also provides an overview of the methodology used by the Panel to inform its findings
and advice (including its approach to the review of recent systematic reviews and key reports and
the public consultation process).
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3. METHODOLOGY

3.2. Review of reviews and reports

At the first PFAS Expert Health Panel meeting, the Panel set the Terms of Reference for the
literature search to inform the review of scientific research on potential human health effects of
PFAS.

In order to provide final advice by March 2018, the Panel focussed on identifying and reviewing the
latest systematic reviews of human epidemiological studies and (inter)national authority/
intergovernmental/governmental reviews and reports on potential human health effects of PFAS
exposure. This challenging timeframe was set to balance the need for well-informed expert advice
on the possible effects of PFAS on human health, and the need for timely advice for affected
communities.

The Panel members agreed that, due to the many systematic reviews having been published and
with several reviews published or available in 2017, building on existing knowledge using these
systematic reviews and the most recent key national and international reports (since 2013) was a
reasonable and appropriate mechanism to enable the Panel to meet its objectives of examining the
scientific evidence within the timeframe.

The search terms used by the Australian National University in their PFAS Health Study Systematic
Review of the Literature (2018), was used as the basis for the search for systematic reviews. The
search terms included literature on a wide range of health effects among adults and children. New
Zealand’'s Massey University’s library conducted the search of the published literature for relevant
reviews and reports. The results of the search were used to check that all systematic reviews
published within the timeframe agreed in the Terms of Reference for this review had been
identified. Two additional reviews of relevance were identified in the Massey University library
search and included in the literature review (Negri et al, 2017; Saikat et al, 2013).

The titles and abstracts of the identified systematic reviews were reviewed and considered against
the inclusion criteria. A search of the grey literature was also undertaken in order to identify the
latest international authority and government guidance on PFAS exposure.

The Panel’s review of reviews and reports was informed by the following sources of information.

Key national and international reports

® Agency for Toxic Substances and Disease Registry (ATSDR, 2015). Draft toxicological
profile for perfluoroalkyls;

® United States Environmental Protection Agency (US EPA, 2016a). Health effects
support document for perfluorooctanoic acid (PFOA);

® United States Environmental Protection Agency (US EPA, 2016b). Health effects
support document for perfluorooctane sulphonate (PFOS);

# New Jersey Drinking Water Quality Institute (DWQI, Public Review draft 2016). Health-
based maximum contaminant level support document: perfluorooctanoic acid (PFOA);

® National Toxicology Program (NTP, 2016). NTP monograph immunotoxicity associated
with exposure to perfluorooctanoic acid and perfluorooctane sulphonate;
® International Agency for Research on Cancer (IARC, 2016). Monograph on

perfluorooctanoic acid, 2016;
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w Dutch National Institute for Public Health and the Environment (RIVM, 2017)°. PFOA
exposure and health: a review of scientific literature;

® Food Standards Australia New Zealand (FSANZ, 2017). Hazard assessment report
(PFOS, PFOA, PFHXS).

Systemuatic reviews and reviews

® Saikat et al. (2013). The impact of PFOS on health in the general population: a review;

# Chang et al. (2014). A critical review of perfluorooctanocate and perfluorooctanesulfonate
exposure and cancer risk in humans;

® Johnson et al. (2014). The navigation guide - evidence-based medicine meets
environmental health: systematic review of human evidence for PFOA effects on fetal
growth;

® Lam et al. (2024). The navigation guide - evidence-based medicine meets environmental
health: integration of animal and human evidence for PFOA effects on fetal growth;

# Roth and Wilks (2014). Neurodevelopmental and neurobehavioural effects of

polybrominated and perfluorinated chemicals: a systematic review of the epidemiological
literature using a quality assessment scheme;

L Bach et al. (2015). Perfluorcalkyl and polyfluoroalkyl substances and human fetal growth:
a systematic review;

w Chang et al. (2016): A critical review of perfluorooctanocate and perfluorooctanesulfonate
exposure and immunological health conditions in humans;

# Priestly (2016). Literature review and report on the potential health effects of
perfluoroalkyl compounds, mainly perfluorooctane sulphonate (PFOS), Monash University;

@ Ballesteros et al. (2017). Exposure to perfluoroalkyl substances and thyroid functions in

pregnant women and children: a systematic review of epidemiologic studies;
L Negri et al. (2027). Exposure to PFOA and PFOS and fetal growth: a critical merging of
toxicological and epidemiological data;

# Rappazzo et al. (2017). Exposure to perfluorinated alkyl substances and health outcomes
in children: a systematic review of the epidemiologic literature;

® Kirk et al. (2028). The PFAS health study: systematic literature review. Australian National
University.

3.2. Literature analysis and quality assessment

The Panel requested that Allen + Clarke undertake a review of the main human health findings from
the identified national and international reports and systematic reviews of epidemiological studies
of human health effects of PFAS (mainly PFOA and PFOS), taking note of the short timeframe
available. The main health outcome categories used by the Australian National University (ANU)
systematic review were adopted by the Panel, and the findings and conclusions of the key reports
and systematic reviews were identified for each health outcome. These health effects are: neonatal,
infant and maternal outcomes, reproductive effects, metabolic biomarkers {concentrations of
cholesterol and triglycerides in the blood), kidney function, liver function, thyroid effects,
neurodevelopmental effects, cancers, diabetes, cardiovascular effects, overweight and obesity,
immunological effects, skeletal effects, and respiratory effects.

® Note that in the Reference list, this report is saved under Rijs KJ, Bogers RP (2017).
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At the request of the Panel, a review of the quality of the national and international reports and
systematic reviews, including using AMSTAR-2, the critical appraisal tool for systematic reviews,
was undertaken in October 2017. No report or review was excluded on the hasis of the AMSTAR-2
rating.

After the main findings and conclusions from the relevant national and international reports and
systematic reviews were identified for each health outcome category, the Panel assessed
consistencies and inconsistencies in the findings and conclusions of the respective reports along
with potential reasons why differences may have occurred. To do this, the Panel considered factors
such as the inclusion or exclusion of different studies, different criteria for levels of evidence, and
different purposes of the national and international authorities (e.g. hazard assessment, risk
assessment, toxicological assessment). In addition, the Panel then considered the level of evidence
and assessed whether chance, bias or confounding could explain the associations found in the
reports and reviews.

The Panel’s review did not generally extend to reviewing the primary studies which had been
included in the national and international reports and systematic reviews.

3.3. Public consultation

The purpose of the consultation process was to allow the public the opportunity to provide
information to the Panel on their health concerns regarding PFAS exposure and contamination, the
exposure pathways that concern them, and the extent to which they felt they had been informed on
various aspects of PFAS contamination. The submission form also allowed the public to express
their views on which areas of human health research relating to PFAS they felt should be prioritised
as part of the Australian Government’s further research into the potential health effects of PFAS
exposure.

The Panel approved a submissions form for the public to use, containing a number of questions
across five key areas with the opportunity to provide further comments:

N general information on the respondent including demographic data (age, sex), and which
sector best represented them as either an individual or a group;

2. exposure pathways including questions on why PFAS exposure is relevant to the
respondent, and which exposure pathways concerned respondents the most;

3. concerns about potential health impacts of PFAS exposure, including questions on which
potential health impacts from PFAS exposure concerned respondents the most;

&- information and understanding including questions on how informed respondents feel
about research on PFAS and the government response to address health concerns;

5. future research priorities including questions on which topics related to human health
should be prioritised for future research;

&,  other comments, providing an opportunity for respondents to discuss other issues relevant
to health concerns relating to PFAS exposure or future research priorities.

The public was invited to engage in the submissions process via four methods: using the online
submission form housed in Survey Monkey; downloading a PDF version of the submission form and
emailing it to a dedicated email address; by printing a hard copy and mailing it to a Department of
Health postal address; or by posting or emailing a submission using their own format. All questions
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in the submissions were voluntary, and many respondents chose only to answer some of the
questions.

The public consultation period ran for 1g days between 1 November and 19 November 2017. In total,
499 complete submissions were received from the public. Four hundred and ninety-one respondents
completed their submission via Survey Monkey, and eight respondents emailed submissions in their
own format. No postal submissions were received within the consultation timeframe. There was
some criticism from some groups about the limited timeframe for the consultation process and time
allowed to make submissions.

The public was notified of the consultation process using the following channels:

w advertisements in The Australian (National Newspaper);

# advertisements in local newspapers in Oakey, Williamtown, and Katherine;

® contact with Community Liaison Officers in the Department of Human Services;
# press releases to national newspapers;

L press releases to local newspapers in Investigated Areas;

® online sources, including the Department of Health’s website;

® direct contact with other key stakeholders known to the Department of Health.

These communication channels were selected to ensure that the key messages were delivered so
that those communities which were most affected by PFAS received the information as early as
possible.

Once received by Allen + Clarke, all submissions were anonymised and given numerical identifiers.
Email submissions were provided to the Panel in their entirety.

3.3.4.  Lsing sub-groups for more detalled analysis

Demographic information gathered under the General Information and Exposure Pathways question
areas was used to classify respondents into two sub-groups to allow for more detailed comparisons
between groups of respondents. Based on the responses received, the two sub-groups created
based on the number of respondents were:

w occupationally exposed: respondents who reported that they were occupationally
exposed, usually through firefighting, to PFAS containing chemicals at some point in their
lives (n=249), and

® living in an investigation area: respondents who reported living, or having lived, in an area
being investigated for PFAS contamination (n=224).

These two sub-groups provided different perspectives regarding the health impacts and exposure
pathways they were concerned about, and the research priorities they thought were most
important. A small number of respondents did not fit into either of these subgroups; however, their
responses were considered as part of the wider analysis of responses as a whole.
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by INTERNATIONAL AUTHORITIES REPORTING ON PFALS  AND
HEALTH CONSIDERED BY THE EXPERT HEALTH PANEL

Several international agencies and organisations have assessed the risk or hazard of PFAS
compounds as they relate to human health. The United States Environmental Protection Agency
(US EPA) defines human health risk assessment as “the process to estimate the nature and probability
of adverse health effects in humans who may be exposed to chemicals in contaminated environmental
media”. The US EPA notes the human health risk assessment process involves four basic steps:

® Planning: planning and scoping, including research;

@ Step 1: hazard identification to examine whether a stressor has the potential to cause
harm to humans and/or ecological systems, and if so, under what circumstances;

® Step 2: dose-response assessment to examine the numerical relationship between
exposure and effects;

w Step 3: exposure assessment to examine what is known about the frequency, timing and
levels of contact with the stressor;

® Step 4: risk characterisation to examine how well the data support conclusions about the

nature and extent of the risk from exposure to environmental stressors.

International Agency for Research on Cancer

The International Agency for Research on Cancer (IARC) is the intergovernmental specialised
cancer agency of the World Health Organization of the United Nations. The IARC Monographs
Programme is a core element of IARC's portfolio of activities, with international expert working
groups evaluating the evidence of carcinogenicity of specific exposures. The Monographs represent
the first step in carcinogen risk assessment (hazard identification) which involves examination of all
relevant information (exposure data, studies of cancer in humans and in experimental animals and
mechanistic and other relevant data), in order to assess the strength of the available evidence that
an agent could alter the age-specific incidence of cancer in humans. In the Monographs, an agent is
termed ‘carcinogenic’ if it is capable of increasing the incidence of malignant neoplasms, reducing
their latency, or increasing their severity or multiplicity. IARC's classification of human
carcinogenicity ranges from: carcinogenic to humans (Group 1); probably carcinogenic to humans
(Group 2A); possibly carcinogenic to humans (Group 2B); not classifiable as to its carcinogenicity to
humans (Group 3); and probably not carcinogenic to humans (Group 4).

United States Environmental Protection Agency

The United States Environmental Protection Agency (US EPA) is an agency of the federal
government of the United States whose stated mission is to ‘protect human health and the
environment’. In 2016 the US EPA published health advisories for PFOA and PFOS based on the
Agency's assessment of the latest peer-reviewed science (the US EPA’s Health Effects Support
Documents on PFOA and PFOS, 2016a and 2016bh). These advisories were established “to provide
drinking water system operators, and state, tribal and local officials who have the primary responsibility
for overseeing these systems, with information on the health risks of these chemicals, so they can take
the appropriate actions to protect their residents”.
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The US EPA states that for the Agency’s Health Effects Support Documents of PFOA and PFOS the
following criteria were utilised in determining inclusion for the review:

2.  The study examines a toxicity end point or population that had not been examined by
studies already present in the draft assessment.

2. Aspects of the study design, such as the size of the population exposed or quantification
approach, make it superior to key studies already included in the draft document.

3. The data contribute substantially to the weight of evidence for any of the toxicity end
points covered by the draft document.

4.  Elements of the study design merit its inclusion in the draft document based on its
contribution to the mode of action (MoA) or the quantification approach.

5. The study elucidates the mode of action for any toxicity end point or toxicokinetic property
associated with PFOA/ PFOS exposure.

6.  The effects observed differ from those in other studies with comparable protocols.

In the ‘Background’ section of both reports, the US EPA states the studies included in the final draft
were determined to provide the most current and comprehensive description of the toxicological
properties of PFOS or PFOA and the risk they pose to humans exposed to them in their drinking
water. Development of the hazard identification and dose-response assessment for PFOS and PFOA
followed the general guidelines for risk assessment put forth by the National Research Council
(1983) and US EPA’s Framework for Human Health Risk Assessment to Inform Decision Making (US
EPA 2014a).

Food Standards Australia New Zealand

Food Standards Australia New Zealand (FSANZ) is a statutory authority in the Australian
Government Health portfolio. FSANZ develops food standards for Australia and New Zealand. In
2017, FSANZ prepared the ‘Hazard assessment report for PFOS, PFOA and PFHxS’, to provide
advice to the Department of Health, Australia on appropriate health-based guidance values for
these chemicals.

FSANZ reports the scope of its assessment included using the comprehensive international
assessments of mammalian toxicology of PFOS and PFOA previously undertaken by the UK
Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment (UNCOT),
the European Food Safety Authority (EFSA), the Swedish Environmental Protection Agency
(Swedish EPA), the Danish Environmental Protection Agency (Danish EPA), and the US Agency for
Toxic Substances and Disease Registry (ATSDR) to determine Health Based Guidance Values for
PFOA and PFOS. For human data, FSANZ presented the major conclusions from the EFSA (2008),
US EPA (2016) and ATSDR (2015) assessments. FSANZ notes: “A detailed consideration of individual
epidemiological studies is beyond the scope of this review.” FSANZ also reviewed the available
epidemiological data relating to PFOS and PFOA exposure and serum cholesterol, and relating to
PFOS and PFOA exposure and birthweight.

Duteh Mational Institute for Public Health and the Environment

The Dutch National Institute for Public Health and the Environment (RIVM) is a knowledge and
research institute that is an independent agency of the Dutch Ministry of Health, Welfare and Sport.
It is dedicated to promoting public health and a healthy and safe living environment. RIVM collects
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and collates knowledge and information from various sources, both national and international,
works to prevent and control outbreaks of infectious diseases, promotes public health and consumer
safety and helps to protect the quality of the environment. RIVM published its report, 'PFOA
exposure and health: a review of the scientific literature’, in 2017, following questions raised by
residents who live in the vicinity of the DuPont/Chemours factory in Dordrecht concerning possible
health effects of PFOA emissions by the factory.

RIVM reports that it used reviews previously performed by recognised national and international
organisations to determine which biological and physiological parameters and diseases are
associated with PFOA. The reviews RIVM included were undertaken by the US EPA (PFOA, 2016),
NTP (2016), IARC (2016), DWQI (2016), ECHA-RAC (2015a), ATSDR (2015), Health Council of the
Netherlands {2013), C8 Science Panel (2011,2012). RIVM then selected epidemiological studies from
those previous reviews and from an additional search of the literature to determine the exposure
levels at which associations were observed.

Mational Toxicology Program -~ United States Department of Health and Human
Services

The National Toxicology Program (NTP) is a United States interagency program established to
evaluate agents of public health concern by developing and applying tools of modern toxicology and
molecular biology. The NTP’s Office of Health Assessment and Translation (OHAT) conducted a
systematic review to evaluate the evidence as to whether exposure to perfluorooctanoic acid
(PFOA) or perfluorooctane sulfonate (PFOS) is associated with immune-related health effects.

The NTP initiated the review in response to studies reporting immune-related health effects of
PFOA and PFOS in both humans and animals, and observations from the CDC in 2015 that the
general US population has detectable blood levels of these chemicals despite actions that have
substantially reduced emissions.

The overall objective of the evaluation was to undertake a systematic review to develop NTP hazard
identification conclusions on the association between exposure to PFOA or PFOS (or their salts) and
immunotoxicity based on integrating levels of evidence from human and animal studies with
consideration of the degree of support from mechanistic data.

The NTP Monograph, ‘Immunotoxicity Associated with Exposure to Perfluorooctanoic Acid and
Perfluorooctane Sulphonate’, was published in September 2016.

New lersey Drinking Water Quality Institute

The New lJersey Drinking Water Quality Institute (DWQI) Health Effects Subcommittee (the
Subcommittee) develops Maximum Contaminant Levels {MCL) or standards for hazardous
contaminants in drinking water. The DWQI reports it voted to pursue development of a Maximum
Contaminant Level (MCL) recommendation for PFOA in 200g, based on its potential health effects
and its occurrence in New Jersey public water supplies. The Subcommittee published the 'Health-
based maximum contaminant level support document: perfluorooctanoic acid (PFOA) in
September 2016.

The Subcommittee reviewed 54 human epidemiology studies for the following end points:

@ serum cholesterol/lipids;
® liver enzymes/bilirubin and liver disease;
@ uric acid;
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w thyroid function and thyroid disease antibody concentrations following vaccination.

Reviews of other end points were also reported on, including fetal growth (e.g. birth weight by
Johnson et al. 2015), and cancer (US EPA 2005, IARC 2015).

Agency for Toxic Substances and Disease Registry

The Agency for Toxic Substances and Disease Registry (ATSDR), based in Atlanta, Georgig, is a
federal public health agency of the U.S. Department of Health and Human Services. ATSDR
published the Draft Toxicological Profile for Perfluoroalkyls in 2015. ATSDR reports it used a weight-
of-evidence approach to evaluate whether available data supported a link between perfluoroatkyl
exposure and a particular health effect.

The ATSDR stated: “This weight-of-evidence approach takes into consideration the consistency of the
findings across studies, the quality of the studies, dose-response, and plausibility. It should be noted
that although the data may provide strong evidence for an association, it does not imply that the
observed [association] is biologically relevant, because the magnitude of the change is within normal
limits or not indicative of an adverse health outcome. Plausibility depends on experimental toxicology
studies that establish a plausible biological mechanism for the observed effects.”

€8 Science Panel

The Expert Health Panel acknowledge that many of the key international reports and systematic reviews
referred to the C8 Science Panel and their conclusions. The Expert Health Panel did not review the C8 Science
Panel reports published in 2011 and 2012, because the Panel focused on reviewing the most recently published
international reports, particularly those in the last three years, and these reports and systematic reviews
included considerable information about the C8 Science Panel findings. It is worth noting that the C8 Science
Panel were often reviewing multiple studies that members of the €8 Science Panel had co-authored when
coming to their overall findings.

The following information about the C8 Science Panel and its conclusions is taken from the Unites States
Environmental Protection Agency health effects support document for PFOA (US EPA 2016a):

“C8 Science Panel conclusions. As part of the C8 Health Project, the (8 Science Panel used epidemiological and
other data available to them to assess probable links between PFOA exposure and disease (C8 Science Panel
2012). Analyses conducted by the C8 Science Panel used historical serum PFOA estimates over time, which were
developed based on estimated intake of contaminated drinking water. The panel concluded that a probable link
existed between PFOA exposure and ulcerative colitis, high cholesterol, pregnancy-induced hypertension, and
thyroid disease. The C8 Science Panel found no probable link between PFOA exposure and multiple other
conditions, including birth defects, other autoimmune diseases (e.g., rheumatoid arthritis, lupus, type 1 diabetes,
Crohn’s disease, MS), type Il diabetes, high blood pressure, coronary artery disease, infectious disease, liver
disease, Puarkinson’s disease, osteoarthritis, neurodevelopmental disorders in children (e.g., ADHD, learning
disabilities), miscarriage or stillbirth, chronic kidney disease, stroke, asthma or COPD, and preterm birth or low
birth weight (C8 Science Panel 2012)."”

“In 2012, the C8 Science Panel concluded that there is a probable link between exposure to PFOA and testicular
and kidney cancer, but no other types of cancers. Their conclusion was based on the studies presented above,
other epidemiology studies on cancer incidence in the mid Ohio population, worker cohorts, and published data.
Panel studies addressed 21 different categories of cancer and looked for positive trends with increasing exposure
as measured by cumulative serum levels”.

http://www.c8sciencepanel.org/index.html
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5. SYSTEMATIC REVIEWS REPORTING ON PFAS AND HEALTH
CONSIDERED BY THE EXPERT HEALTH PANEL

Saikat et al. (z0a3). The impact of PFOS on health in the general
population: a review.

Saikat et al. conducted a search of the literature to investigate the association between PFOS
exposure and a range of health-related outcomes in the general population.

Based on the selection criteria, 15 relevant studies were included in the review out of 477 potentially
relevant papers. The review included 10 cross-sectional studies, three cohort studies and two case-
control studies.

The authors noted that the design of the studies included in this review was a key limitation for
attributing significance to the findings. Eight of the studies assessed health end points and the
remaining studies looked at surrogate makers (e.g. cholesterol levels) to investigate any
associations between PFOS exposure and health outcomes.

Chang et al. (zo14). A critical review of perfluorooctanoate and
perflucrooctanesulfonate exposure and cancer risk in humans.

Chang et al. systematically and critically reviewed 18 epidemiologic studies looking at the
association between PFOA and PFOS exposure and cancer risk in humans.

The epidemiological studies (including eight of PFOA, four of PFOS, and six of both PFOA and
PFOS) have estimated associations of exposure to these chemicals with cancer incidence or
mortality.

The authors noted that observed associations are evaluated with regard to whether they were likely
to be causal or due to bias, taking into consideration the probable direction and magnitude of bias.
However, individual associations must be interpreted in light of the results from other studies,
especially to assess whether chance may explain inconsistent findings. Therefore, the weight of
evidence regarding possible causal relationships of PFOA and PFOS exposure with human cancer
risk has been assessed in accordance with the Bradford Hill guidelines of strength of association,
consistency, biological gradient, plausibility, and coherence with toxicological evidence.

It was also noted the work of all authors was supported by the 3M Company’.

Johnson et al. (z014). The navigation guide — evidence-based medicine
meets environmental health: systematic review of human evidence for
PFOA effects on fetal growth.

Johnson et al. reviewed the literature to determine whether developmental exposure to
perfluorooctanoic acid (PFOA) affects fetal growth in humans.

7 3M is a former manufacturer and user of long-chain perfluorooctanyl chemistry, mostly phasing-out the use of these
chemicals by the end of 2002 (source: https:/fwww.3m.com/3M/en_US/sustainability-us/policies-reports/am-and-
fluorochemicals/).
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The authors applied the first three steps of the Navigation Guide methodology to human
epidemiology data: 1) specify the study question; 2) select the evidence; 3) rate the quality and
strength of the evidence. Eighteen studies {with a total of 19 data sets) were identified that met the
inclusion criteria, and 10 of these were combined through meta-analysis. The studies covered the
years 1988-200g, from populations located in nine counties, and ranged from 17 to 11,737 study
subjects. The authors evaluated each study for risk of bias and conducted meta-analyses on a subset
of the studies. The authors report they “rated quality and strength of the entire body of human
evidence”. Using the Navigation Guide methodology, the authors determined there was a low risk of
bias across the studies and assigned a “moderate” quality rating to the overall body of human
evidence. The meta-analysis estimated a decrease in birth weight in relation to PFOA exposure
using a 95% confidence interval.

Lam et al. (2014). The navigation guide — evidence-based medicine meets
environmental health: integration of animal and human evidence for PFOA
effects on fetal growth.

Lam et al. reviewed the human and nonhuman literature to determine whether developmental
exposure to perfluorooctanoic acid (PFOA) affects fetal growth in humans.

The authors used the first three steps of the Navigation Guide: 1) specify the study population; 2)
select the evidence; 3) rate the quality and strength of the evidence. The fourth and final step of the
Navigation Guide (grade the strength of the recommendation - to determine the final
recommendation for public health protection) was not addressed in the review. The authors stated
this was due to resource constraints. A PECO® framework was used to develop the research
questions and determine the eligibility criteria for the review.

The authors reported they developed and applied prespecified criteria to systematically and
transparently rate the quality of the scientific evidence as “high”, “moderate” or “low”; rate the
strength of human and nonhuman evidence separately as “sufficient”, “limited”, “moderate”, or
“evidence of lack of toxicity”; and c) integrate the strength of the human and nonhuman evidence
ratings into a strength of evidence conclusion.

In terms of the human evidence, the studies looked at participants before and/or during pregnancy
or development in relation to their exposure to PFOA. The review considered effects on foetal
growth, birth weight, and/or other measures of size, such as length.

Eighteen human epidemiological studies and 21 animal toxicology studies were identified as being
relevant to the study question. The human and nonhuman mammalian evidence were both rated as
“moderate” quality and “sufficient” strength using the Navigation Guide systematic review
methodology. The ratings for the epidemiological studies were combined with the nonhuman
mammalian evidence to produce an overall evidence rating, in which the authors concluded that
PFOA is “known to be toxic” to human reproduction and development.

®PECO (Population, Exposure, Comparator, Outcomes)
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Roth and Wilks (zo14). Neurodevelopmental and neurobehavioural effects
of polybrominated and perfluorinated chemicals: a systematic review of
the epidemiclogical Iterature using a quality assessment scheme,

Roth and Wilks developed a checklist-type quality assessment scheme based on the STROBE
guidelines and the proposed HONEES® criteria, and conducted a systematic review of the
epidemiological peer-reviewed literature published since 2006 on neurodevelopmental and/or
neurobehavioural effects (such as adverse birth outcomes, cognitive deficits, developmental delay
and attention deficit hyperactivity disorders) following prenatal and postnatal exposure to
polybromo diphenylethers (PBDEs) and perfluorinated chemicals (PFCs). The authors noted that the
epidemiological literature lacks comparability across studies in terms of design, conduct,
methodology and reporting.

Based on the checklist quality assessment criteria, seven of the 18 studies were rated as being of
high quality, seven of moderate quality and four of low quality. Frequently observed shortcomings
were the lack of consideration of confounding factors; uncertainties regarding exposure
characterisation; inadequate sample size; the lack of a clear dose-response; and the
representativeness/ generalisability of the results.

Bach et al. (2015). Perfluoroalkyl and polyfluoroallyl substances and
human fetal growth: a systematic review,

Bach et al. reviewed 14 studies published between 2004 and 2013 to summarise the evidence of an
association between exposure to PFASs, particularly PFOS and PFOA, and human fetal growth.
Birth weight and other related measures were used as proxies for fetal growth.

A PICOS™ framework was used to establish the selection criteria for the review. The review included
original studies on pregnant women with measurements of PFOA or PFOS in maternal blood during
pregnancy or the umbilical cord (from both populations with background exposure and high
exposure). Birth weight was the primary outcome, and other related outcomes were also measured,
according to individual PFAS levels. The methodology included assessing the completeness of
reporting as well as the risk of bias and confounding.

Chang et al. (2016). A critical review of perfluorooctanoate and
perfluorooctanesulfonate exposure and immunological health conditions in
humans.

Chang et al. systematically and critically reviewed 24 studies looking at the relationship between
exposure to PFOA and PFOS and several immune-related health conditions. The review included 10
studies of immune biomarker levels or gene expression patterns, 10 studies of atopic or allergic
disorders, five studies of infectious diseases, four studies of vaccine responses, and five studies of
chronic inflammatory or autoimmune conditions (with several studies evaluating multiple end
points). Asthma, the most commonly studied condition, was evaluated in seven studies.

The authors reported the overarching question of interest for the review is whether PFOS and PFOA
are causally related to adverse health conditions in humans. Following data extraction, the quality of

? HONEES: “Harmonisation of Neurodevelopmental Environmental Epidemiology Studies”
' PICOS criteria (Participants, Interventions/exposures, Comparators, Outcomes, Study design)
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individual epidemiologic studies was evaluated based on the validity and reliability of outcome
assessment, control of confounding, potential for selection bias, and appropriateness of the
statistical approach.

It was also noted that the manuscript was supported by the 3M Company.

Priestly (zo16). Literature review and report on the potential health effects
of perfluorcalkyl compounds, mainly perfluorooctane sulphonate (PFOS),
Monash University,

This report, commissioned by the Victorian Department of Health & Human Services, provided
independent evidence-based advice and an update to the review originally prepared in October
2015, to assist various Australian government agencies to respond to concerns relating to the
possible health effects of PFAS- mainly PFOS. The methodology for the review included identifying
some key reviews undertaken by international authorities and tracking back relevant references
cited in those reviews. This was supplemented by a PubMed search using key terms
‘PFOS/PFOA/perfluoroalkyl substances health effects, ‘perfluoroalkyl biomonitoring’ and ‘PFAS
human exposures’.

The review of the literature summarised some of the key animal studies on the toxicology of PFAS
but put greater focus on the human epidemiological evidence of potential associations between
PFAS exposures and adverse health outcomes. The review included 301 studies or reviews.

Priestly identified key reviews undertaken by international authorities and the references cited in
these reviews to examine the potential associations between PFAS exposures and adverse health
outcomes.

Priestly (2017). Literature Review and Report on the Potential Health Effects of Perfluoroalky!
Compounds, Mainly Perfluorooctane Sulfonate (PFOS)

During the later stages of drafting this report, the Panel became aware that the Priestly (2016)
report had been updated (December 2017) and has recently become publicly available. This updated
report summarises about 50 new studies identified since the November 2016 report.

Priestly, in the executive summary of the December 2017 report, stated of the human epidemiology
studies:

“The new epidemiology studies have not added any substantially new or concerning information on the
potential health effects of PFOS. There have been some papers addressing end points that received only
passing attention in my previous reviews (metabolic dysfunctions, including effects on glycaemic
controls), some papers that expand on the previously covered main associations with adverse health
effects (thyroid disease, reproductive and fertility changes, neurodevelopmental effects, effects on
blood lipids, and immunomodulation), along with 1-2 papers on some new indicators (coronary heart
disease, endometriosis and effects on bone and lung disease). In the main, these studies report
inconsistent findings, with associations (not necessarily causal) between individual PFAS varying in
strength from study to study, and for some end points, a range of positive and negative findings for
these same PFAS.

Papers dealing with immunomodulatory effects and cancer have received additional attention in this
2017 update, because these are end points that commonly feature in media reports that cause some
degree of alarm in communities living around point sources of (mainly) PFOS contamination associated
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with the legacy use of Aqueous Film-Forming Foams (AFFFs) used to fight fuel fires. There is currently no
consensus on whether there are causative associations between exposure to any PFAS, and these end
points. There have been international reviews; for example, an oft-cited (in the media) International
Agency for Research on Cancer (IARC) evaluation of PFOA-related carcinogenicity (categorised as
possibly causing human cancer), while other reviews have reached even less certain categorisations, or
even a conclusion for a lack of evidence. One recent Italian study, outlining an increased relative risk
(RR) for deaths (from cancers and other diseases) in communities exposed over time to known PFAS
water pollution, has been analysed in more detail, with some methodological issues pointing to a
reduction in the strength of the evidence that should be accorded the rather startling conclusions from
this study.

Similarly, for immunomodulatory effects, some reviews (e.g. US NTP 2016 and FSANZ 2016) have
reached consensus on the strength of the animal studies, but varying degrees of consensus on the
strength of the epidemiological evidence. The lack of consensus on the epidemiology outcomes is largely
due to disparities, even within the same study, on which immune marker has been affected, and by
which PFAS. In some cases, the inconsistency may be confounded by an inability to rule out concurrent
exposure to other Persistent Organic Pollutants (POPs) known to influence immune responses, and by
conflicting findings for the same, or related end points, across different studies.”

Ballesteros et al. (z017). Exposure to perfluoroalkyl substances and thyroid
functions in pregnant women and children: a systematic review of
epidemiologic studies,

Ballesteros et al. reviewed 10 studies to examine the association between PFOS, PFOA, PFHxS and
thyroid outcomes in prenatal life and childhood (<19 years).

The authors report they developed a protocol and performed a systematic review in accordance
with the general principles recommended in the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement. They used a PICOS framework to establish the criteria for
selecting the studies to be included in the review. Ten studies were identified that met the inclusion
criteria and did not achieve low scores according to the nine items included in the ‘Methods’ section
of the STROBE statement checklist (Strengthening the Reporting of Observational Studies in
Epidemiology Statement).

Studies selected for the review were carried out in populations of pregnant women or children up to
19 years old. One study looked at pregnant mothers and children from a community living near a
fluoropolymer manufacturing facility, and the remaining studies focused on women and children
from general populations. Studies were conducted in Asia, Europe, and North America with a
sample size varying between 40 to >10,000 participants, and published between 2011 and 2015. The
design of the studies was either cross-sectional (n=3), case-control (n=1), or cohort (n=6).

Negriet al. (2o17). Exposure to PFOA and PFOS and fetal growth: a critical
merging of toxicological and epidemioclogical data.

Negri et al. reviewed the literature to assess the association between perfluorooctanoic acid (PFOA)
or perfluorooctane sulfonic acid (PFOS) and birth/fetal weight.
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The review used the (PRISMA) guidelines for reporting and the meta-analyses of Observational
Studies in Epidemiology (MOOSE). A PICOS™ approach was used to determine eligibility criteria.
The authors undertook a risk of bias appraisal, assessing the methodological aspects of each study
using a modification of the ‘Newcastle-Ottawa Quality Assessment Scale’ (NOS).

The review included women who were enrolled in studies before or during pregnancy or at delivery
who were exposed to PFOA or PFOS, as determined by maternal or umbilical cord serum, plasma or
whole blood, or maternal milk.

The authors identified 16 papers, published between 2007 and 2015, which met the inclusion criteria.
The study designs were cross-sectional (n=4), case-control (n=3), and cohort (n=g). The studies were
conducted in North America (n=5), Asia {n=5), and Europe (n=6).

Rappazzo et al. (zoa7). Exposure to perfluorinated alkyl substances and
health outcomes in children: a systematic review of the epidemiclogic
literature,

Rappazzo et al. reviewed 64 studies on the relationships between prenatal andfor childhood
exposure to PFAS and health outcomes in children and provided a risk of bias analysis of the
literature.

For inclusion in this review, the reviewers required serum, blood, or breast milk concentrations of
PFAS that were measured concomitantly with the health outcome (e.g. serum PFAS and triglyceride
concentrations) or early in life and associated with a later health outcome (e.g. PFAS in cord blood
and behavioural outcomes in children); however measurements primarily used serum levels.

The study designs of included papers were primarily cohort or cross-sectional.

Arisk of bias analysis was performed to evaluate the methodological design and implementation of
the studies included. Seven criteria for risk of bias were considered: selection bias, exposure
assessment, outcome assessment, confounding, missing data, conflict of interest, and ‘other’. The
studies included in the review were assigned a risk of bias score for each of the seven categories of
interest. Risk of bias score were assigned as “low risk”, “probably low risk”, “moderate or unclear risk”,
“probably high risk”, or “high risk".

Kirk et al. {(z0a28). The PFAS Health Study: Systematic Literature Review.
Australian National University.

The PFAS Health Study Systematic Literature Review by the National Centre for Epidemiology and
Population Health, Research School of Population Health, the Australian University, was
commissioned by the Commonwealth Department of Health in 2016. The authors systematically
reviewed the health literature to describe currently known human health effects of PFAS chemicals
and examine the consistency of evidence regarding the relationship between exposure to PFAS and
different health outcomes.

The authors conducted a comprehensive search of the health and grey literature published up until
January 2017 with the search strategy following the PRISMA flow design.

" PICOS (Participants/population, Intervention/Exposures, Comparator(s)/controls, Outcome(s), and Study Design)
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The authors identified 221 papers that met the systematic review criteria then used a systematic
framework to review each paper, extract data and rate risk of potential bias (using a multi-domain
risk of bias tool). The authors considered whether it was possible to pool study results in a meta-
analysis when five or more studies on a particular health outcome were identified. The authors
noted the majority of studies included in this review were evaluated to have a moderate to high risk
of bias that could have influenced published findings. The authors reported only 3.6% (8/221) of
studies evaluated were considered to be at low risk of bias.

To evaluate the strength of evidence for each health effect, Kirk et al. adapted the criteria that the
International Agency for Research on Cancer (IARC) uses to evaluate the evidence for
carcinogenicity, and classified the evidence relevant to each separate health effect into the
following categories:

Sufficient evidence of a health effect: A causal relationship has been established between exposure
to PFAS and the health effect in humans. A positive (direct) or negative (inverse) relationship has
been observed between the exposure and the health effect in studies in which chance, bias and
confounding could be ruled out with reasonable confidence.

Limited evidence of a health effect: A positive (direct) or negative (inverse) association has been
observed between exposure to PFAS and the health effect in humans for which a causal
interpretation is considered to be possible or probable, but chance, bias or confounding could not be
ruled out with reasonable confidence.

Inadequate evidence of a health effect: The available studies are of insufficient quality, consistency
or statistical power to permit a conclusion regarding the presence or absence of a causal association
between PFAS exposure and the health effect in humans.

Evidence suggesting lack of a health effect: There are several adequate studies covering the full
range of levels of exposure that humans are known to encounter that are mutually consistent in not
showing a positive (direct) or negative (inverse) association between exposure to the agent and any
studied health effect in humans at any observed level of exposure. The results from these studies
alone or combined should have narrow confidence intervals that include the null value (e.g. a
relative risk of 1.0). Levels of bias and confounding that might obscure an effect should be ruled out
with reasonable confidence, and there should be results of studies that have sufficient length of
follow-up from initial exposure and sufficient statistical power for a material effect to be observable.

® In the following sections, not all of the above reports and reviews are referred to, only those
which contain findings relevant to the outcome(s) considered in that section.
® Throughout the report, all instances of PFAS concentrations in the literature have been

converted to consistent units (ng/mL). This is in order to facilitate comparisons across studies
and reviews and with Australian biomonitoring data.
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b. HEALTH EFFECT FINDINGS FROM THE REVIEW

6.1. Cancerand PFAS exposure

The World Health Organization advises™ cancer is one of the leading causes of morbidity and
mortality worldwide, with around one third of deaths from cancer being due to the five leading
behavioral and dietary risks: high body mass index, low fruit and vegetable intake, lack of physical
activity, tobacco use, and alcohol use. Tobacco use is the most important risk factor for cancer and is
responsible for approximately 22 percent of cancer deaths. Several of the key international reports
and systematic reviews reviewed the human evidence on exposure to PFAS and cancer.

6.1.1.  What evidence did the Panel consider?

The Panel considered the findings and conclusions of five published key (inter)national
authority/intergovernmental/governmental reports (‘key national and international reports’)
published between 2015 and 2017 and three systematic reviews since 2014 that analysed the human
epidemiological evidence regarding exposure to PFAS and cancer:

Key national and international reports

® Agency for Toxic Substances and Disease Registry (ATSDR, 2015). Draft Toxicological
Profile for Perfluoroalkyls;

® International Agency for Research on Cancer (IARC, 2016). Monograph on
Perfluorooctanoic Acid, 2016;

® United States Environmental Protection Agency (US EPA, 2016a). Health effects
support document for Perfluorooctanoic Acid (PFOA);

® United States Environmental Protection Agency (US EPA, 2016b). Health effects
support document for Perfluorooctane Sulphonate (PFOS);

@ Dutch National Institute for Public Health and the Environment (RIVM, 2017). PFOA
exposure and health: A review of scientific literature.

Systematic reviews
® Chang et al. (2014). A critical review of perfluorooctancate and
perfluorooctanesulphonate exposure and cancer risk in humans;
@ Priestly (2016). Literature review and report on the potential health effects of
perfluoroalkyl compounds, mainly perfluorooctane sulphonate (PFOS) (Monash
University);

» Kirk et al. (2028). The PFAS Health Study. Systematic Literature Review. (Australian
National University).

The National Toxicology Programme (NTP) Monograph on PFOA and PFOS was not considered by
the Panel for this section as the Monograph did not report on cancer.

The Panel acknowledges the New Jersey Drinking Water Quality Institute (DWQI, 2016) commented
on the carcinogenicity of PFAS. However, this report has not been included in this section because
the DWQI did not review cancer epidemiological studies in detail, instead reporting on end points
evaluated by other authoritative groups, notably the US EPA and IARC.

** http:/fwww.who.int/mediacentre/factsheets/fs297/en/
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The Panel also acknowledges that FSANZ considered the evidence on cancer in the ‘Hazard
assessment report for PFOA, PFOS and PFHHx. FSANZ primarily reported on the findings of other
international authority reports, notably EFSA 2008, Bull et al. 2014; ATSDR (2015), US EPA 2016
(20126a,b) and IARC. For this reason, the FSANZ report is not considered further in this section.
Based on the review of these reports, FSANZ concluded in the ‘Executive Summary”
“Epidemiological studies have not provided convincing evidence of a correlation between PFOS and
PFHxS and any cancer type in human beings. Although associations between PFOA and some human
cancers have been suggested from some epidemiological studies, results have often been contradictory,
and a causal relationship cannot be established with reasonable confidence.”

§.1.2. Keynational and internstional reports

Agency for Toxic Substances and Disease Registry (ATSDR})
Studies reviewed
The ATSDR reviewed 13 studies on exposure to PFAS and cancer, including:

® nine inhalation exposure route studies that investigated the possible association between
occupational exposure to perfluoroalkyls and increased cancer risk: (Gilliland and Mande],
1993; Lundin et al. 2009; Lecnard et al. 2008; Leonard et al. 2006 (unpublished); Steenland
and Woskie, 2012; Alexander and Olsen, 2007; Grice et al. 2007; Alexander et al. 2003;
Olsen et al. 2004);
@ seven oral exposure route studies, including:
- four studies that investigated the potential carcinogenicity of perfluoroalkyls in
communities living near a facility releasing PFOA: (Barry et al. 2013; Innes et al.
2014; MDH 2007; Vieira et al. 2013); and
three studies in the general population: Bonefeld- Jargensen et al. 2011; Eriksen et
al. 2009; Hardell et al. 2014).

The ATSDR advised: “No studies were located regarding cancer effect effects in humans or animals
following dermal exposure to perfluoroalkyl compounds.”

Considerations and conclusions
The ATSDR made two major statements on exposure to PFAS and cancer in humans.

In the 'Public Health Statement for Perfluoroalkyls’, it noted: “There is limited information on whether
perfluoroalkyls can cause cancer in humans. Some increases in prostate, kidney, and testicular cancers
have been found in workers or in community members living near a PFOA facility. These results should
be interpreted cautiously because the effects were not consistently found and most studies did not
control for other potential factors such as smoking. Feeding PFOA and PFOS to rats caused them to
develop tumors. Some scientists believe that, based on the way this happens in rats and the differences
between rats and humans, humans would not be expected to get cancer. Others believe that it is
possible for perfluoroalkyls to cause cancer in humans, and the studies in rats should not be dismissed.
More research is needed to clarify this issue.”

In the ‘Relevance to Public Health’ section, the ATSDR stated: “"A number of studies have examined
the carcinogenicity of PFOA and PFOS in humans. Occupational exposure studies have found
significant increase in deaths from several cancer types, including prostate cancer at one facility and
kidney cancer at a second facility. An increase in the risk of kidney cancer was also found in residents
living near the second facility. An increased risk of testicular cancer was also found in the highly
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exposed residents living near the second facility. Other occupational exposure studies have not found
significant increases in cancer risks. Although several studies have found significant increases in cancer
risk, the results should be interpreted cautiously since most studies did not control for potential
confounding variables (particularly smoking), the number of cancer cases was low, and a causal
relationship between perfluoroalkyls and cancer cannot be established from these studies. Additionally,
the lack of consistency across facilities may be suggestive of a causative agent other than PFOA or
PFOS.”

In the section titled ‘How perfluoroalkyls can affect your health?’, the ATSDR noted: “There is limited
information on whether perflvoroalkyls can cause cancer in humans. Some increases in prostate,
kidney, and testicular cancers have been found in workers or in community members living near a PFOA
facility. These results should be interpreted cautiously because the effects were not consistently found
and most studies did not control for other potential factors such as smoking.”

On page 321, ‘ldentification of Data Needs’, the ATSDR noted: “Occupational exposure studies,
studies of the general population, and studies of communities living in areas with known perfluoroalky!
contamination have examined the potential association between cancer and perfluoroalky! compounds.
Studies of highly exposed individuals have found increases in several cancer types; however, the results
are not consistent across studies. Increases in the risk of prostate cancer (Gilliland and Mandel 1993;
Lundin et al. 2009), kidney cancer (Steenland and Woskie 2012; Vieira et al. 2013), and testicular cancer
(Barry et al. 2013; Vieira et al. 2013) have been reported in some groups of workers or residents living
near a facility and exposed to high levels of PFOA in the drinking water. The lack of consistent findings
across studies may be due to the lack of control for potential confounders, especially exposure to non-
perfluoroalkyl compounds. Follow-up assessments of perfluoroalkyl workers and highly exposed
populations living near manufacturing facilities are needed; these studies should attempt to control for
potential confounding variables, particularly smoking, which has been associated with an increased risk
of kidney and testicular cancer.”

Summuaries of studies reviewed
inhalation exposure

The ATSDR reviewed eight studies under inhalation exposure: (Gilliland and Mandel, 1993; Lundin et
al. 2009; Leonard et al. 2008; Leonard, 2006 {unpublished); Steenland and Woskie, 2012; Alexander
and Olsen, 2007; Grice et al. 2007; Alexander et al. 2003; Olsen et al. 2004).

The ATSDR reviewed Gilliland and Mandel (1993), and noted that they undertook “a retrospective
cohort mortality evaluation of 2,788 male and 749 female workers employed for at least 6 months
between 1947 and 1983 at a plant that produced PFOA. Workers employed =1 month in the Chemical
Division of the plant were categorized as exposed and those who either never worked or worked for <2
month in the Chemical Division formed the unexposed group. The effects of latency, duration of
employment, and work in the Chemical Division were examined using stratified SMR analyses.” The
ATSDR reported the results of the study as showing “No significant increases in SMRs were observed
in the male and female workers for all cancer types and for individual types of cancer as compared to
U.S. and Minnesota mortality rates. However, there was a nonsignificant increase in the SMR for
prostate cancer (2.03, 95% Cl 0.55—-4.59) in the Chemical Division group. Ten years of employment in
the Chemical Division was associated with a 3.3-fold increase (95% Cl 1.02-10.6) in the relative risk of
prostate cancer mortality, as compared to no employment in PFOA production areas. The investigators
noted that the prostate cancer findings are based on a small number of cases and could have resulted
from chance or unrecognized confounding from exposure to other factors.”
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The ATSDR reviewed Lundin et al. (2009), who did an update of the study of workers at the 3M
Company facility in Cottage Grove, Minnesota by Gilliland and Mandel (1993), and noted that:
“Unlike the Gilliland and Mandel (1993) study, the eligibility criterion was a minimum of 365 days of
cumulative employment prior to 1997. The cohort consisted of 8oy deceased workers (80% male)
followed through zoo02. The cohort was divided into three exposure categories of APFO exposure:
definite occupational exposure (high exposure), probable occupational exposure (jobs where APFO
exposure was possible, but likely lower or transient) (moderate exposure), and no or minimal
occupational exposure (low exposure).” The ATSDR report the results as showing: “No increases in
deaths from all cancer types, biliary or liver cancers, pancreatic cancer, respiratory cancer, or bladder
and other urinary organ cancers were found, as compared to the Minnesota general population. A
nonsignificant increase in prostate cancer deaths (SMR 2.1, 95% Cl 0.4-6.1) was found in the workers
with definite PFOA exposure. When the cohort was divided into the three exposure categories,
increased HRs for prostate cancer were found in the moderate- and high-exposure categories (HR=3.0,
95% Cl 0.9-9.7 and HR=6.6, 95% C/ 1.1-37.7) and in the combined moderate- and high-exposure
categories (HR=3.2, 95% Cl 1.0~10.3), as compared to the low-exposure category.”

The ATSDR reviewed Lecnard et al. (2008), who undertook a study of DuPont employees (n=6,027;
81% male) who worked at the at the Washington Works, West Virginia, polymer-manufacturing
facility at any time between January 1, 1948 (plant start-up) and December 31, 2002.The ATSDR
noted that “Approximately one-half of the employees at the site had been assigned to APFO areas at
some time in their careers.” ATSDR also noted that this study was also reported in an unpublished
report by Leonard 2006. The ATSDR summarised the results: “No significant increases in deaths from
all cancer types were found when the workers were compared to U.S. and West Virginia population
mortality rates and to workers at other DuPont facilities in the region. An increase in the number of
deaths from kidney cancer relative to the DuPont regional population was observed; however, the SMR
was not significantly elevated (SMR 185, 95% Cl 95—323). No other elevations in specific cancer risk
were found.”

The ATSDR reported that a follow-up study was undertaken by Steenland and Woskie (2012), who
followed a cohort of 5801 workers through 2008. The ATSDR outlined the methodology: “Using
blood samples collected from 1979 to 2004 from 1,308 workers participating in a health survey, serum
PFOA levels over time were estimated for eight job categories/job group categories. Serum PFOA levels
were estimated for each worker based on job history and the estimated serum PFOA levels for each job
category/job group category. The mean cumulative exposure to PFOA was 7.8 ppm-years and the
estimated average annual serum concentration was 350 ng/mL.” The ATSDR detailed the findings
from the study, "“Deaths from all cancer types were not significantly increased when compared to the
U.S. population or to the DuPont regional population. A significant increase in deaths from
mesothelioma was found when compared to the U.S. population (SMR 4.83, 95% Cl 1.77-10.52) and the
DuPont regional population (SMR 2.85, 95% Cl 1.05-6.20); the investigators noted that this was likely
due to asbestos exposure. Among workers with the highest exposure to PFOA, there was a significant
increase in kidney cancer as compared to the DuPont regional population (SMR 2.66, 95% Cl 1.15—5.24
for no lag, SMR 2.82, 95% Cl 1.13—5.81 with a 10-year lag, and SMR 3.67, 95% Cl 1.48-7.57 with a 20-
year lag); a positive exposure-response trend was also observed for kidney cancer at all three lag times.
Steenland and Woskie (2012) noted that tetrafluoroethylene, a rodent kidney carcinogen, is used in the
manufacture of a variety of fluoropolymers; tetrafluoroethylene is well controlled due to its volatile and
explosive properties.”

The ATSDR reviewed Alexander et al. (2003), who undertook a retrospective mortality study of a
cohort of 2083 employees (83% male) at a perfluorooctanesulphony! fluoride (PFOSF) based
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fluorochemical production facility in Decatur, Alabama. The employees had at least one year of
cumulative employment at the facility. The reported results showed that: “The geometric mean
serum PFOS levels were goo ng/mL in a randomly selected group of 126 workers in the chemical plant
and 100 ng/mL in a group of 60 workers in the film plant. Biomonitoring conducted at this facility
indicates that the workers also had elevated serum PFOA levels; in a 2000 survey, the mean serum
PFOA level was 1,780 ng/mL (Olsen et al. 2003a). Based on job history and serum PFOS levels, workers
were assigned to one of three groups: high exposure (n=982), low exposure (n=289), or no exposure
(n=812). No significant increases in the SMR for all types of cancer or specific types of cancer were
observed, as compared to mortality rates in the state of Alabama. There was an increased risk of death
from bladder cancer for the entire cohort, 3 observed and 0.62 expected; however, the 95% Cl included
the null value (SMR 4.81, 95% Cl 0.99-14.05). All three cases of bladder cancer occurred in workers
from the high exposure group (0.19 expected) (SMR 16.12, 95% Ci 3.32~47.41) and all of them had
worked in high exposure jobs for at least 5 years.”

The ATSDR reported that Alexander and Olsen (2007) undertook a reanalysis of workers at this
facility, which included all current, retired, and former employees (total=1,895) who had at least 365
days of cumulative exposure prior to 1998 and information from 188 deceased workers. The ATSDR
provided an overview of the study: “The NIOSH Surveillance Epidemiology and End Results (SEER)
referent data were used to calculate the standardized incidence ratios. Bladder cancer incidence was
collected via a self-administered questionnaire; for subjects self-reporting bladder cancer, an attempt
was made to verify the diagnosis with medical records. The exposure assessment followed the method
used in the previous study; workers were assigned to a high-exposure (serum PFOS 1,300-1,970 ng/mL),
low-exposure (390-890 ng/mL), and no direct exposure (110-290 ng/mL) groups.” The ATSDR report
the results as showing “Eleven cases of bladder cancer were identified from surveys (n=6) and death
certificates (n=5). Only two of the six self-reported bladder cancer diagnosis were confirmed via medical
records; the other four subjects declined to give consent for medical verification. The standardized
incidence ratios (SIRs) were 1.28 (95% Cl 0.64—2.29) for the entire cohort and 1.74 (95% Cl 0.64~3.79)
for those ever working in a high-exposure job. When compared with those in the lowest cumulative
exposure category, the high-exposure workers had a 1.5-2.0-fold increased risk but the Cis included
unity; for example, the relative risk in the workers exposed for 5—<10 years was 1.92 with a 95% Cl of
0.30-12.06."

The ATSDR made the following observations about this study: “Although the study did not adjust for
smoking, the investigators noted that 83% of the living bladder cancer cases (five of the six subjects)
reported cigarette use, as compared to 56% reported in the noncases. An additional limitation of the
study is inclusion of four cases of bladder cancer that were not verified by medical records. The results of
this study do not appear to confirm the findings of increased bladder cancer in the mortality study
(Alexander et al. 2003).”

The ATSDR also reviewed Grice et al. (2007), who examined the potential carcinogenicity of PFOS in
1,400 workers (81% male) at the Decatur, Alabama manufacturing facility via a self-administered
health questionnaire. The ATSDR noted that: “Attempts were made to validate the self-reported
diagnoses of prostate cancer, colon cancer, breast cancer, and melanoma through medical records.
Exposure to PFOS was evaluated based on the job-specific exposure categories established in the
Alexander et al. (2003) study. As noted previously, these workers were also likely exposed to elevated
levels of PFOA. The risks of colon cancer, melanoma, and prostate cancer were not associated with any
of the PFOS-exposure categories for analyses that included all self-reported or only validated cancers.”

The ATSDR reviewed the study by Olsen et al. (2004), which investigated episodes of care in
workers at the Decatur facility. The ATSDR reported: “An episode of care is defined as a series of
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events related to a particular health problem. Among the 211 long-term workers in the chemical plant,
there was a nonsignificant increase in the number of episodes of care for malignant neoplasm of the
prostate (risk ratio episodes of care [RREpC] of 8.2, 95% Cl 0.8->100), a nonsignificant increase in
malignant neoplasms of the colon (RREpC of 12, 95% Cl 0.8->100), and a significant increase in benign
colonic polyps (RREpC of 2.4, 95% Cl 1.3—4.5), as compared to 345 longterm workers in the film plant.
No significant increases in the risk ratio episodes of care were found for liver, rectum, or respiratory
tract...”

The ATSDR made the following comments and conclusion about the inhalation exposure studies in
occupationally exposed workers: “Consistent findings regarding the association between occupational
exposure to PFOA and PFOS and cancer have not been found. Among workers with longer-term
exposure to higher PFOA levels, an increased risk of prostate cancer deaths was found (Gilliland and
Mandel 1993; Lundin et al. 2009), but this was not found in studies of workers at a different PFOA
facility (Leonard et al. 2008; Steenland and Woskie 2012). The increases in kidney cancer mortality were
observed at the second facility (Leonard et al. 2008; Steenland and Woskie 2012), but not at the first
facility (Gilliland and Mandel 1993; Lundin et al. 2009). For PFOS, one study reported an increase in
bladder cancer (Alexander et al. 2003), but a follow-up study did not confirm this finding (Alexander and
Olsen 2007). The inconsistent results across studies may be due to differences in exposures or to
exposure to other compounds.”

Oral exposure rovte
High-exposure community studies

The ATSDR reported four studies which examined the potential carcinogenicity of perfluoroalkyls in
communities living near a facility releasing PFOA (Barry et al. 2013; Innes et al. 2014; MDH 2007;
Vieira et al. 2013).

The ATSDR reported on Barry et al. (2013), which examined the cancer incidence in 32,254 adults
living near the DuPont Washington Works chemical plant in West Virginia and participating in the C8
Health Project and C8 Health Panel or who ever worked at the DuPont facility (11% of the cohort).
The ATSDR reported the details of the study as: “Cumulative serum PFOA levels for community
members were estimated based on environmental levels, residential history, drinking water source, tap
water consumption, work place water consumption, and PFOA toxicokinetic properties. Serum PFOA
levels in the workers were estimated based on job histories and data from a health survey that linked
job titles to serum PFOA levels; these estimated serum PFOA were combined with estimated serum
PFOA levels from residential exposure. Measured PFOA levels (measured in 2005-2006) were 24.2
ng/mL for community members and 112.7 ng/mL for workers. Estimated median annual PFOA serum
levels were 19.4 and 174.4 ng/mL for the community and workers, respectively. Cancer incidence data
were obtained from questionnaires and cancer diagnosis verified through review of medical records or
from Ohio/West Virginia cancer registry.” With regards to the results, the ATSDR noted “Although
increases in the risk of thyroid, kidney, and testicular cancer were found, only the HRs for testicular
cancer (HR=1.34, 95%CI 1.00-1.79 with no lag) was statistically significant. When serum PFOA levels
were stratified, a significant positive trend across quartiles was found for testicular cancer.”

The ATSDR reported on Vieira et al. (2013), which also examined the possible association between
PFOA exposure and cancer risk in Ohio and West Virginia residents living near the Washington
Works DuPont facility in West Virginia. The authors identified cancer cases for 18 cancer types from
the Ohio Cancer Incidence Surveillance System and West Virginia Cancer Registry. The final data set
included 7,869 Ohio cases and 17,238 West Virginia cases. The ATSDR reported that: “Serum PFOA
levels were estimated for the Ohio residents using estimated environmental levels, exposure
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assumption, and PBPK modeling. The residents were grouped by water districts with the Little Hocking
district having the highest levels of PFOA (estimated serum PFOA level of 125 ng/mL) and Mason
having the lowest level (5.3 ng/mL).” The ATSDR reported on the results from the study as showing
“Significant adjusted odds ratios (AORs) were found for testicular cancer in the Little Hocking district
(AOR=5.1, 95% Cl 1.6~ 15.6), kidney cancer in Tuppers Plain district (AOR=2.0, 95% Cl 1.3-3.1;
estimated serum PFOA level of 23.9 ng/mL), and lung cancer in Mason district (AOR=1.3, 95% Cl 1.1~
1.5). When analysed based on estimated serum PFOA levels, significantly elevated AOR were found in
the very high (serum PFOA levels of 110-655 ng/mL) and high (30.8-100 ng/L) annual PFOA serum level
groups for kidney cancer (AOR=2.0, 95% (! 1.0-3.9 and AOR=2.0, 95% Cl 1.3-3.2, respectively),
compared with cases living in unexposed areas. The AOR for testicular cancer was 2.8 (95% Cl 0.8-902)
in the very high PFOA group, which was based on six cases; the investigators noted there was an
inverse association between testicular cancer and the lower exposure groups. Elevated AORs were also
found for prostate and ovarian cancer and Non-Hodgkin’s lymphoma in the very high exposure group;
however, the Cls included the null value.”

The ATSDR reported on a third study of the communities near the Washington Works facility which
was undertaken by Innes et al. (2014). It examined the possible association between serum PFOA
and PFOS levels and the risk of colorectal cancer in over 47,000 adults. The ATSDR reported that the
mean {and range) serum PFOA and PFOS levels in this cohort were 86.6 ng/mL (<0.5- 22,412 ng/mL)
and 23.4 ng/mL (0.5-759.2 ng/mL) respectively, concluding that: “The investigators noted that the
PFOS levels were similar to those in the U.S. general population. Statistically significant inverse
associations were found between the risk of colorectal cancer and serum PFOA and PFOS levels with
the least likelihood of colorectal cancer in residents with PFOA and PFOS serum levels in the fourth
quartile. Individuals with the highest PFOS serum level were 80% less likely to receive a diagnosis of
colorectal cancer and those with the highest serum PFOA levels were 40% less likely to be diagnosed
with colorectal cancer.”

The ATSDR also reported on a study by the Minnesota Department of Health (MDH 2007), which
examined cancer incidence in residents living in Washington and Dakota Counties. The ATSDR
noted that: “Elevated PFOA, PFOS, and PFBA levels have been measured in municipal and private
drinking water wells in these counties.” The ATSDR reported on the study conclusions: “As compared
to statewide cancer rates, no significant increases in specific cancers were found in Washington County.
In Dakota County, significant increases in liver and breast cancer rates were observed in females; no
significant increases in cancer rates were found in males. The study also examined cancer incidence in
eight communities in these counties: Cottage Grove, Hastings, Lake Elmo, Newport, Oakdale, South St.
Paul, St Paul Park, and Woodbury. Some statistically significant increases in a specific cancer type were
found; however, the results were not consistent across communities or between males and females.”

General population studies

The ATSDR reviewed three studies on PFAS exposure and cancer undertaken in the general
population (Eriksen et al. 200g; Hardell et al. 2014; Bonefeld- Jargensen et al. 2011).

The ATSDR reported on the study by Eriksen et al. (2009), which examined the possible association
between blood PFOA and PFOS levels in 1,240 Danish men and women with prostate (n=713),
bladder (n=332), pancreatic (n=128), or liver cancer (n=67) enrolled in a prospective cohort study, but
who did not have cancer prior to enrollment. The study used a group of 772 men and women without
cancer also enrolled in the prospective study as a comparison group. The ATSDR reported the
results: “The respective median plasma PFOA and PFOS levels were 6.8 and 35.1 ng/mL in the cancer
group and 6.9 and 35.0 ng/mL in the comparison group. No significant associations between serum
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PFOA or PFOS levels and the risk of prostate, bladder, pancreatic, or liver cancer were found. Although
31—38% increases in prostate cancer was found in the second, third, and fourth serum PFOS quartiles,
there was no difference between the quartiles and the 95% Cl included unity.”

The ATSDR reviewed Hardell et al. (2014) which examined the possible association between
prostate cancer and perfluoroalkyls among 201 cases with 186 age-matched controls living in
Sweden. The ATSDR reported on the results as showing: “No significant increases in the risk of
prostate cancer were associated with serum PFOA, PFOS, PFHxS, PFNA, PFDeA, or PFUA levels;
similarly, there were no associations with Gleason score or prostate-specific antigen (PSA) levels. When
serum perfluoroalkyl levels greater than the median were combined with heredity as a risk factor
(firstdegree relative with prostate cancer), significant increases in the ORs were found for PFHxS (OR
4.4, 95% Cl 1.7-12), PFOS (OR 2.7, 95% Cl 1.04—6.8), PFOA (OR 2.6, 95% Cl 1.2-6.0), PFDeA (OR 2.6,
95% Cl1.1~6.2), and PFUA (OR 2.6, Cl 1.1—-5.9)."

The ATSDR also reviewed Bonefeld-Jargensen et al. (2011), which examined 31 breast cancer cases
among Inuit women in Greenland to evaluate a possible association with blood PFOA and PFOS
levels. The comparison group consisted of 115 matched controls. The ATSDR reported on the
results: "Blood levels of PFOS and PFOA was significantly higher in the cancer group, as compared to
the comparison group. The median levels of PFOS and PFOA were 45.6 and 2.5 ng/mL in cancer group
and 31.1 and 1.6 ng/mL in the comparison group. A significant increase in the likelihood of breast cancer
(OR 1.03, 95% Cl 1.0012-1.07) was only found for PFOS. The study also looked for possible associations
between breast cancer and other persistent pollutants. No significant difference in polychlorinated
biphenyls (PCBs), organochlorine pesticides, selenium, cadmium, mercury, or lead blood levels were
found between the two groups; when the PCB levels were divided into quartiles, the fourth quartile
blood PCB levels were significantly higher in the cancer group than in the comparison group. Zinc levels
were significantly higher in the cases.”

United States Environmental Protection Agency (U5 EPA)

The Panel considered the US EPA’s ‘Health Effect’s Support Documents on PFOA and PFOS which
the US EPA had used to establish health advisories on PFOA and PFOS for drinking water officials.

Studies reviewed

For PFOA, the US EPA cited:

# five studies in occupational settings (Raleigh et al. 2014; Steenland and Woskie, 2012;
Steenland et al. 2015; Olsen et al. 19983; Olsen et al. 2000);

# three studies in high exposure communities (Vieira et al. 2013; Barry et al. 2013; Innes et al.
2014);

# five general population studies (Eriksen et al. 2009; Bonefeld-Jargensen et al. 2014; Hardell

et al. 2014; Vassiliadou et al. 2010; Yeung et al. 2013).
The US EPA also referred to the systematic review by Chang et al. (2014).
For PFOS, the US EPA cited:

® four studies on occupational exposure {Alexander et al. 2003; Alexander and Olsen 2007,
Mandel and Johnson 1995; Grice et al. 2007);

w one study in high exposure communities (Innes et al. 2014);

# five studies on general exposure (Bonefeld-Jargensen et al. 2014; Bonefeld-Jargensen et

al. 2011; Eriksen et al. 2009; Hardell et al. 2014; Vassiliadou et al. 2010).
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Of the studies on PFOA, six have been reviewed by the ASTDR, and are covered in the section above
(Steenland and Woskie, 2012; Vieira et al. 2013; Barry et al. 2013; Innes et al. 2014; Eriksen et al.
2009; Hardell et al. 2014).

Of the studies on PFOS, six have been reviewed by the ASTDR, and are covered in the section above
(Alexander et al. 2003; Alexander and Olsen 2007; Grice et al. 2007; Bonefeld-Jargensen et al. 20113;
Eriksen et al. 2009; Hardell et al. 2014).

Considerations and conclusions
PEOA

In their ‘Executive Summary’ for PFOA, The US EPA stated that: "Human epidemiology data report
associations between PFOA exposure and ... cancer (testicular and kidney).”

Also, in the Executive Summary, the US EPA noted: “Under EPA’s Guidelines for Carcinogen Risk
Assessment (USEPA 2005a), there is “suggestive evidence of carcinogenic potential” for PFOA. They
note further: “Epidemiology studies demonstrate an association of serum PFOA with kidney and
testicular tumors among highly exposed members of the general population. Two chronic bioassays of
PFOA support a positive finding for its ability to be tumorigenic in one or more organs of rats, including
the liver, testes, and pancreas. EPA estimated a cancer slope factor (CSF) of 0.07 (mg/kg/day)-1 based
on testicular tumors. As a comparative analysis, the concentration of PFOA in drinking water that
would have a one-in-a million increased cancer risk was calculated using the oral slope factor for
testicular tumors, assuming a default adult body weight of 8o kg and a default drinking water intake
(DWI) rate of 2.5 liter per day (L/day) (USEPA 2011). This concentration is lower than the concentration
for cancer (also derived with adult exposure values), indicating that a guideline derived from the
developmental end point will be protective for the cancer end point.”

In the ‘Summary and conclusion’s from the ‘Human cancer epidemiology studies’ section, the US
EPA stated that: “Evidence of carcinogenic effects of PFOA in epidemiology studies is based on studies
of kidney and testicular cancer. These cancers have relatively high 5-year survival rates of 73% for
kidney cancer and 95% for testicular cancer (based on National Cancer Institute [NCI] Surveillance,
Epidemiology, and End Results data for 2005—-2011). Thus studies that examine cancer incidence are
particularly useful for these types of cancer. The high-exposure community studies also have the
advantage for testicular cancer of including the age period of greatest risk, as the median age at
diagnosis is 33 years. The two occupational cohorts in Minnesota and West Virginia (most recently
updated, respectively, in Raleigh et al. 2014 and Steenland and Woskie 2012) do not support an
increased risk of these cancers, but each of them is limited by a small number of observed deaths and
incident cases. Two studies involving members of the C8 Health Project showed a positive association
between PFOA levels (mean at enrollment of 24 ng/mL) and kidney and testicular cancers (Barry et al.
2013; Vieira et al. 2013). There is some overlap in the cases included in these studies. None of the
general population studies examined kidney or testicular cancer, but no associations were found in the
general population between mean serum PFOA levels up to 86.8 ng/mL and colorectal, breast, prostate,
bladder, or liver cancer (Bonefeld-Jargensen et al. 2014, Eriksen et al. 2009; Hardell et al. 2014, Innes et
al. 2014)".

The US EPA noted the findings of the C8 Science Panel on cancer, and also referred to the
systematic review by Chang et al. (2014), noting: “A group of independent toxicologists and
epidemiologists critically reviewed the epidemiological evidence for cancer based on 18 studies of
occupational exposure to PFOA and general population exposure with or without coexposure to PFOS.
The project was funded by 3M, but the company was not involved in the preparation or approval of the
report. The authors evaluated the published studies based on the study design, subjects, exposure
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assessment, outcome assessment, control for confounding, and sources of bias. They followed the
Bradford Hill guidelines on the strength of the association, consistency, plausibility, and biological
gradient in reaching their conclusion. They found a lack of concordance between community exposures
and occupational exposures one or two magnitudes higher than those for the general population. The
discrepant findings across the study populations were described as likely due to chance, confounding,
and/or bias (Chang et al. 2014).”

PEOS

The US EPA stated in the ‘Executive Summary’ of the Health Effects support document for PFOS
that: “Several human epidemiological studies evaluated the association between PFOS and cancers
including bladder, colon and prostate but these data present a small number or cases and some are
confounded by failure to adjust for smoking.”

Also in the ‘Executive Summary’, the US EPA stated: “Applying the U.S. EPA Guidelines for
Carcinogen Risk Assessment, there is suggestive evidence of carcinogenic potential for PFOS (USEPA
2005a). ...Human epidemiology studies did not find a direct correlation between PFOS exposure and the
incidence of carcinogenicity in worker-based populations. Although one worker cohort found an increase
in bladder cancer, smoking was a major confounding factor, and the standardized incidence ratios were
not significantly different from the general population. Other worker and general population studies
found no statistically-significant trends for any cancer type. Thus, the weight of evidence for the
carcinogenic potential to humans was judged to be too limited to support a quantitative cancer
assessment.”

In the *‘Summary and Conclusions from the Human Cancer Epidemiology Studies’ for PFOS, the US
EPA reported: “A small number of epidemiology studies of PFOS exposure and cancer risk are available.
While these studies do report elevated risk of bladder and prostate cancers, limitations in design and
analysis preclude the ability to make definitive conclusions. While an elevated risk of bladder cancer
mortality was associated with PFOS exposure in an occupational study (Alexander et al. 2003), a
subsequent study to ascertain cancer incidence in the cohort observed elevated but statistically
insignificant incidence ratios that were 1.7- to 2-fold higher among workers with higher cumulative
exposure (Alexander and Olsen 2007). The risk estimates lacked precision because the number of cases
was small. Smoking prevalence was higher in the bladder cancer cases, but the analysis did not control
for smoking because data were missing for deceased workers, and therefore positive confounding by
smoking is a possibility. Mean PFOS serum levels were 941 ng/mL. No elevated bladder cancer risk was
observed in a nested case control study in a Danish cohort with plasma PFOS concentrations at
enrollment of 1-130.5 ng/mL (Eriksen et al. 2009).”

“Elevated odds ratios for prostate cancer were reported for the occupational cohort examined by
Alexander and Olsen (2007) and the Danish population-based cohort examined by Eriksen et al. (2009).
However, the confidence intervals included the null, and no association was reported by another case-
control study in Denmark (Hardell et al. 2014). A case-control study of breast cancer among Inuit
females in Greenland with similar serum PFOS levels to those of the Danish population (1.5-172 ng/mL)
reported an association of low magnitude that could not be separated from other perfluorsulfonated
acids, and the association was not confirmed in a Danish population (Bonefeld-Jorgensen et al. 2011,
2014). Some studies evaluated associations with serum PFOS concentration at the time of cancer
diagnosis, and the impact of this potential exposure misclassification on the estimated risks is unknown
(Bonefeld-Jorgensen et al. 2011; Hardell et al. 2014). No associations were adjusted for other
perfluorinated chemicals in serum in any of the occupational and population-based studies.”
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Summaries of studies reviewed
PFOA
Decupational exposure settings

The US EPA reviewed five studies in occupational settings: Raleigh et al. 2014; Steenland and
Woskie, 2012; Steenland et al. 2015; Olsen et al. 19983; and Olsen et al. 2000.

The US EPA reported on Raleigh et al. (2014), as being the latest update of the analyses of mortality
in the 3M Cottage Grove workers (which was previously analysed in Lundin et al. 2009, and Gilliland
and Mandel 1993). The US EPA outlined the details of the study: “"Raleigh et al. (2014) followed 4,668
Cottage Grove workers through 2008, using an improved exposure reconstruction method and adding a
nonexposed worker referent group from a different 3M plant. In addition to the mortality data,
incidence data based on state cancer registries also were included. Exposure estimates for inhalation
exposures were calculated from work history records and industrial hygiene monitoring data; blood
levels were not included. No associations were found between PFOA exposure and the risk of dying
from any cancer type (see Table 3-12 for bladder, kidney, and testicular cancer results). The mean age of
the workers was 29 years at the start of employment and 63 years at the end of follow-up.”

The most recent report on the same cohort (same as Steenland and Woskie (2012) who updated the
cohort study by Leonard et al. (2008) of employees at the DuPont Washington Works plant in West
Virginia) was undertaken by Steenland et al, 2015. The US EPA reported that this study “included
6,026 workers evaluated for disease incidence, based on self-report with validation from medical
records (Steenland et al. 2015). Lifetime serum cumulative dose was estimated by combining
occupational and nonoccupational exposures. Median measured serum level was 113 ng/mL based on
samples collected in 2005. Bladder cancer incidence (n = 29 cases) decreased with increased PFOA
levels (RR 1.0, 0.55, 0.47, and 0.31 across quartiles, trend p = 0.03). Prostate cancer risk increased in Oz
compared to Qz (n = 1.92), and remained at this level in the remaining quartiles (RR 1.89 and 2.15 in Q3
and Qy4, respectively, trend p = 0.10).”

The US EPA reported on the study of Bonefeld-Jargensen et al. (2014), which evaluated a subset of
females enrolled in the Danish National Birth Cohort for an association between plasma PFOA levels
(as well as 15 other PFASs) measured during pregnancy and risk of breast cancer during a follow-up
period of 10-15 years. The US EPA provided the following details about the study: A total of 250
females diagnosed with breast cancer were matched for age and parity with 233 controls. The mean
PFOA level in the controls was 5.2 ng/mL while levels in the cases were divided into quintiles ranging
from 6.5 ng/mL. No association was found between PFOA levels and breast cancer risk. A weak positive
association was found only with perfluorooctane sulphonamide.”

High-exposure communities

The US EPA reviewed three studies in high exposure communities (Vieira et al. 2013; Barry et al.
2013; Innes et al. 2014). The ATSDR reviewed these studies, and summaries are provided above.

General population studies

The US EPA reviewed five general population studies (Eriksen et al. 2009; Bonefeld-Jargensen et al.
2014; Hardell et al. 2014; Vassiliadou et al. 2010; Yeung et al. 2013). The studies by Eriksen et al.
(2009) and Hardell et al. (2014) were reviewed by the ATSDR, with summaries provided above.

The US EPA reported on two studies (Vassiliadou et al. 2010; and Yeung et al. 2013), which “found no
differences in blood and tissue PFOA levels between cancer and noncancer patients; the types of cancer
in the patients were not defined"”.
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The US EPA noted that: “Vassiliadou et al. (2010) found that median serum PFOA concentrations
among 40 cancer patients (2.27 ng/mL in males; 1.85 ng/mL in females) were similar to two control
groups (3.14 and 1.81 ng/mL in males; 1.7 and 1.71 ng/mL in females).”

Of the study by Yeung et al. (2103), the US EPA reported: “Yeung et al. (z013) found similar PFOS
levels in serum and liver tissue between controls and those with hepatocellular carcinoma. Median
serum levels in controls (n = 25) and patients with liver cancer (n = 24) were 2.34 and 2.5 ng/mL,
respectively, and liver tissue were 0.506 (n = 9) and 0.495 (n = 12) ng/g, respectively.”

Of the study by Bonefeld-Jargensen et al. (2014), the US EPA reported: “A subset of females enrolled
in the Danish National Birth Cohort was evaluated for an association between plasma PFOA levels (as
well as 15 other PFASs) measured during pregnancy and risk of breast cancer during a follow-up period
of 10-15 years (Bonefeldjorgensen et al. 2014). A total of 250 females diagnosed with breast cancer
were matched for age and parity with 233 controls. The mean PFOA level in the controls was 5.2 ng/mL
while levels in the cases were divided into quintiles ranging from 6.5 ng/mL. No association was found
between PFOA levels and breast cancer risk. A weak positive association was found only with
perfluorooctane sulphonamide.”

PFOS
Cecupational exposure studies

The US EPA reviewed four studies on occupational exposure (Alexander et al. 2003; Alexander and
Olsen 2007; Mandel and Johnson 1995; Grice et al. 2007). The only study not previously reviewed by
the ATSDR was the study by Mandel and Johnson et al. (1995). The US EPA reported the following
about this study: “Several analyses of various health outcomes have occurred on cohorts of workers at
the 3M Decatur, Alabama plant (Alexander et al. 2003; Alexander and Olsen 2007; Mandel and Johnson
1995). Cause-specific mortality was examined in a cohort of 2,083 workers employed for at least 1 year
among workers grouped into three PFOS exposure categories: nonexposed, low exposed, and high
exposed. Exposure classifications were determined using PFOS serum concentrations measured in a
subset of workers linked to specific jobs and work histories. Cumulative exposures were also estimated
by applying a weight to each of the exposure categories and multiplying by the number of years of
employment for that job for each individual. The geometric mean serum PFOS levels were 941 ng/mL
for chemical plant employees and 136 ng/mL for non-exposed workers. Results of these studies are
summarized in Table 3-8. A total of 145 deaths were identified with 65 of them in high-exposure jobs.
Standardized mortality ratios (SMRs) were calculated using the state of Alabama reference data and
when analyzing the entire cohort, SMRs were not elevated for most of the cancer types and for
nonmalignant causes. SMRs that were above 1 included cancer of the esophagus, liver, breast, urinary
organs, bladder, and skin. However, the number of cases was very small (1-3), resulting in wide
confidence intervals. The SMRs for these causes (except breast cancer) were also elevated when the
cohort was limited to the 65 employees ever employed in a high exposure job. The SMR for bladder
cancer was 4.81 (95% Cl: 0.99-14.06). Three male employees in the cohort died of bladder cancer (0.62
expected). All were employed at the Decatur plant for > 20 years and had worked in high exposure jobs
for at least 5 years. The SMR for bladder cancer for workers who were ever employed in a high exposure
Jjob was 12.77 (0.23 expected, Cl: 2.63-37.35). When the data were analyzed for workers with > 5 years
of employment in a high exposure job, the SMR was 24.49. This effect remained when the data were
analyzed using county death rates. While the three deaths from bladder cancer were greater than the
expected number observed in the general population, the small number of deaths (especially for females
in all categories) precludes a definitive conclusion regarding an association with PFOS exposure. In
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addition, six death certificates were not obtained, and smoking status was not known for the cohort
increasing the uncertainty with regard to the estimated risk.”

High-exposure communities

The US EPA reviewed the study by Innes et al. (2014). This study was reviewed by the ATSDR, with a
summary of the study provided in that section.

General population studies

The US EPA reviewed five studies on general population exposure (Bonefeld-Jargensen et al. 2014;
Bonefeld-Jargensen et al. 2011; Eriksen et al. 2009; Hardell et al. 2014; Vassiliadou et al. 2010). The
ATSDR did not review the studies by Bonefeld-Jargensen et al. 2014.

The US EPA reported on the study undertaken by Bonefeld-Jergensen et al. 2014, in which a subset
of females enrolled in the DNBC were evaluated for an association between plasma PFOS levels (as
well as 15 other perfluoroalkylated substances) measured during pregnancy and risk of breast cancer
during a follow-up period of 10-15 years. The US EPA provided the following detail about the study:
“A total of 250 females diagnosed with breast cancer were matched for age and parity with 233
controls. The mean PFOS level in the controls was 30.6 ng/mL while levels in the cases were divided into
quintiles ranging from < 20.4 up to > 39.1 ng/mL. No association was found between PFOS levels and
breast cancer risk in logistic regression models adjusted for age at blood draw, BMI before pregnancy,
gravidity, use of oral contraceptives, age at menarche, smoking, alcohol consumption, maternal
education and physical activity. A weak positive Relative Risk (1.04; 95% Cl: 0.99-1.08) was found only
with perfluorooctane-sulfonamide.”

The US EPA refers to Vassiliadou et al. 2010 as “a small study”, and noted that it “found no
differences in blood PFOS levels between cancer and non-cancer patients; the types of cancer in the
patients were not defined. [the authors] found median serum PFOS concentrations among 40 cancer
patients (11.3 ng/mL, males; 8 ng/mL, females) were similar to two control groups (10.5 and 13.7 ng/mL,
males; 7 and 8.5 ng/mL, females).”

International Agency for Research on Cancer (JARC)

In 2016, the IARC published its evaluation of the cancer hazard of PFOA as a Monograph, based on
the conclusions of a Working Group comprising invited scientists from relevant disciplines. The IARC
Monograph examined studies, dating back to the 1980s on exposure data, studies of cancer in
humans, studies of cancer in experimental animals and mechanistic and other relevant data.

Studies reviewed
IARC examined epidemiological studies on the occurrence of cancer in humans exposed to PFOA in

three different types of populations:

® five cohort studies of workers in chemical plants producing or using PFOA in the US: two in
plants in West Virginia (Leonard et al. 2008; Steenland and Woskie, 2012); and three in
Minnesota (Gilliland and Mandel, 1993; Lundin et al. 2009; Raleigh et al. 2014);

w three community-based studies (high-exposure setting) (Vieira et al. 2013b; Barry et al.
2013; Innes et al. 2014);
. three case-control studies of cancer of the bladder, liver, prostate, pancreas, or breast in

the general population with background exposures (Eriksen et al. 200g; Hardell et al. 2014;
Bonefeld-Jergensen et 2011).
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IARC also cited one study of workers producing tetrafluorethylene (Consonni et al. 2013), which it
stated “also provides some potentially relevant information but was not included in the tables because
the study population overlapped with other studies, and the assessment of exposure to PFOA was
limited. This study is reviewed in detail in the Monograph on tetrafluoroethylene, in the present
volume.”

IARC also cited two other studies that examined workers at a plant producing
perfluorooctanesulfonyl fluoride in a plant in Alabama, USA (Alexander et al. 2003; Alexander &
Olsen, 2007). IARC stated: “"The manufacturing process produced PFOA as a by-product, and PFOA
was also used in some other production processes and was manufactured at the plant beginning in
1998. The focus of the studies in this plant has been on perfluorooctanesulfonate (PFOS) exposure
measures, which are higher than, but correlated with PFOA exposures (Olsen et al. 2003a); these
studies are not discussed further here.”

Considerations and conclusions

In the ‘Evaluation’ section of the Monograph, IARC stated for cancer in humans: “There is limited
evidence’ in humans for the carcinogenicity of perfluorooctanoic acid (PFOA). A positive association was
observed for cancers of the testis and kidney”, and for cancer in experimental animals “There is limited
evidence in experimental animals for the carcinogenicity of perfluorooctanoic acid (PFOA).”

The IARC provided this overall evaluation: “Perfluorooctanoic acid (PFOA) is possibly carcinogenic to
humans (Group 2B).”

In the ‘Human carcinogenicity data’ section, IARC stated: “The literature on the epidemiology of
cancer in relation to PFOA is relatively small and includes studies in three different types of populations:
workers exposed in chemical plants producing or using PFOA, high-exposure communities (i.e. areas
surrounding a plant with documented release of PFOA and contamination of public and private water
supplies), and studies in the general population with background exposures.”

For ‘Cancer of the testis’, IARC stated: “The only informative results on risk of cancer of the testis were

from two studies of cancer incidence in a high-exposure community setting in West Virginia and Ohijo,
USA; there was some overlap in the cases examined in these studies. Both publications, using different
study designs (i.e. a cohort study of incidence and a population-registry case—control study), observed
an increased risk of incidence of cancer of the testis. In the highest quartile of exposure in both studies,
the observed increase in risk was approximately threefold, with a significant trend in increasing risk with
increasing exposure in the cohort study (no trend test was reported in the case-control study). The
evidence for cancer of the testis was considered credible and unlikely to be explained by bias and
confounding, however, the estimate was based on small numbers.”

For *Cancer of the kidney’, IARC stated: “There were several publications that have examined PFOA
and risk of cancer of the kidney. Three of these were conducted in West Virginia, USA, and included
occupational and community exposure, and the fourth was conducted in a different occupational
setting. In the exposure— response analysis of workers in West Virginia, 8 of the 12 deaths from cancer
of the kidney were seen in the highest quartile of exposure, with an elevated standardized mortality
ratio and a significant trend in increasing risk with increasing exposure. The other occupational cohort
study reported no evidence for increased incidence. A modestly increased risk of incidence of cancer of
the kidney was seen in a community population with high exposure. A study in a somewhat overlapping
population also found elevated relative risks in the groups with high and very high exposure compared
with the group with low exposure. The evidence for cancer of the kidney was considered credible;
however, chance, bias, and confounding could not be ruled out with reasonable confidence.”
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For ‘Other cancer sites’, IARC stated: “The evidence regarding other cancer sites, including the urinary
bladder, thyroid, prostate, liver, and pancreas was also evaluated. Some positive associations were
observed for cancers of the bladder, thyroid, and prostate, but the results were inconsistent among
studies and based on small numbers. The evidence for carcinogenicity for all of these sites was judged to
be inadequate.”

In its Monograph, IARC also provided exposure data on PFOA for the general population, for people
living near industrial sources of PFOA and for workers with occupational exposure™. IARC has 299
agents currently classified as Group 2B.

Summaries of studies reviewed
CQecupational exposure studies

IARC reviewed five cohort studies (Leonard et al. 2008; Steenland and Woskie, 2012; Gillaland and
Mandel, 1993; Lundin et al. 2009; Raleigh et al. 2014). Three of these studies were reviewed by the
ATSDR and US EPA (2016a). The US EPA reviewed the study by Raleigh et al. 2014, which the
ATSDR did not review. Additional details about these studies, included in the IARC Monograph, are
reported below.

IARC provided a general overview of these cohorts, noting: “For each of these cohorts, plant
operations began around 1950; the study in West Virginia included individuals who had worked at least
1 day (Steenland & Woskie, 2012), while the Minnesota cohort required at least 365 work days for
inclusion (Raleigh et al. 2014). The proportion of women was approximately 20%, and each was a
relatively young cohort. The studies included a cumulative-exposure indicator based on a job-exposure
matrix developed using serum PFOA concentrations in workers or air-monitoring data,but differed in
terms of the extent of available samples and modelling of exposure, with consideration of changes in
exposure over time. Standardized mortality ratios (SMR) for all causes, all cancers, and heart disease
ranged fromo.7 to 1.0.”

Of the study by Steenland and Woskie (2012), IARC noted: “Trends of increasing risk of cancer of the
kidney and mesothelioma with increasing exposure to PFOA (P = 0.02) were observed, with
standardized mortality ratios of 2.66 (95% Cl, 1.15-5.24; 8 cases) and 6.27 (95% Cl, 2.04-14.63; 5
cases), respectively, in the highest quartile of PFOA exposure. There was no indication of increased risk
for cancers of the bladder, liver, pancreas, breast, or prostate...”

IARC commented about this study: “A strength of this study was the detailed exposure analysis, while
a limitation was the small numbers. The Working Group interpreted the association between PFOA
exposure and risk of mesothelioma to be an indication of exposure to asbestos in these workers.”

IARC provided additional details to those provided by the US EPA, above, about the study by
Raleigh et al. (2014): “Raleigh et al. (2014) examined mortality risk in 4668 workers (1125 deaths) in a
plant manufacturing ammonium perfluorooctanoate in Minnesota, USA, with a mean follow-up of 34
years. Exposure assessment was based on 205 personal air samples and 659 area samples collected
from production areas in 1977—-2000; exposures before 1977 were estimated based on variation in annual
production levels; procedures and tasks had not changed over this period. The exposure data were
combined with job-history data (department, job title, work area, equipment, task and year) to estimate

3 Serum levels of PFOA measured in the general population worldwide are less than about 10 ng/mL. For people living
near industrial sources of PFOA, mean concentrations of PFOA have ranged from near-background concentrations to >
200 ng/mL. The IARC notes that the predominant route of exposure was drinking water. In groups of workers with
occupational exposure to PFOA, through inhalation and dermal contact occurring during fluoropolymer production, mean
serum concentrations were measured as > 1000 ng/mL.
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time-weighted average exposures, which were then used to estimate cumulative exposure estimates for
individual workers. Mortality was analysed for the period 1960-2008. Incidence data, based on
Minnesota and Wisconsin state cancer registries were also included, but were limited to cases occurring
since 1988, when both of these registries were in operation. Workers at another plant in the areq,
manufacturing tape and abrasive products, were used as the referent group (n = 4359) for internal
analyses of mortality and incidence. For mortality from cancer of the bladder, the relative risk estimate
for the combined upper two quartiles of exposure (compared with unexposed referents) was 1.96 (95%
Cl, 0.63-6.15; 5 cases); in the analysis of incidence of cancer of the bladder (40 exposed cases), the
pattern across the four quartiles of cumulative exposure was 0.81, 0.78, 1.50, and 1.66, respectively
(Table 2.1). Cancer of the kidney was not associated with exposure to PFOA in analyses of mortality (6
exposed cases) or incidence (16 exposed cases). Examination of incidence and mortality data in relation
to cumulative exposure revealed little or no evidence of increased risk of cancer of the liver, pancreas,
prostate, or breast. Risks were not analysed for cancers of the thyroid or testes.”

IARC made the following comments about this study: “The Working Group noted the reasonable
quality of the exposure data. Another strength of this study was the use of incidence data, but this
analysis covered only a 20-year period, which limited the number of observed cases for some cancers.”

IARC provided the following summary of the studies it reviewed on cancer and PFOA exposure in
occupationally-exposed workers: “in summary, these studies conducted in two different occupational
cohorts included some evidence of an association between PFOA exposure and cancer of the kidney
(Steenland & Woskie, 2012) or bladder (Raleigh et al. 2014), with elevated risks seen at higher
exposures in one (but not both) of the studies. Elevated risk of cancer of the liver, pancreas, or breast in
relation to higher exposure was not seen in either study, and the initial report of an increased risk of
cancer of the prostate (Lundin et al. 2009) was not substantiated in subsequent analyses (Steenland &
Woskie, 2012; Raleigh et al. 2014). These studies did not provide a basis for examining cancer of the
testes or thyroid, since an analysis of incidence data was not available for these cancers.”

High-exposure community studies

IARC reviewed three high-exposure community-based studies on PFOA and cancer (Vieira et al.
2013b); Barry et al. 2013; Innes et al. 2014).

IARC provided the following background and comment about these studies: “An area along the Ohio
River in West Virginia and Ohio, USA, surrounding one of the fluoropolymer production plants described
in the previous section has been the site of a series of community health studies. Emissions from this
plant resulted in contamination of public water systems and private wells with PFOA. Three studies
examined cancer risk for multiple cancer types (Barry et al. 2013; Vieira et al. 2013b) or specifically for
cancer of the colon (Innes et al. 2014). The Working Group noted that Barry et al. (2013) and Vieira et al.
(2013b) were overlapping, rather than independent studies, in that the same geographical areas and
some of the same cases are included in both analyses.”

IARC provided additional details, to those by the ATSDR, above, about the study by Vieira et al.
(2013): “Using a case—control design, Vieira et al. (2013b) examined incident cancers occurring in 1996—
2005, using West Virginia and Ohio state cancer registries. Cases living in 13 counties around the
fluoropolymer production plant were identified; analyses were limited to 18 cancer types that were of a-
priori interest, or that had at least 100 cases in each state. The controls for each analysis were all other
cancer types, excluding cancers of the kidney, liver, pancreas, and testes. In one set of analyses,
residence at time of diagnosis was used to assign study participants to specific water districts in Ohio
and West Virginia (Vieira et al. 2010, 2013a). A more robust exposure assessment was used in the
second set of case—control analyses, restricted to the Ohio data, where exposure was estimated based
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on street-level data. This information was combined with emission data, environmental characteristics,
and pharmacokinetic data to estimate annual exposure from 1951 to date of diagnosis, assuming that
residence at time of diagnosis was the residence for the previous 10 years (Shin et al. 2011qa, b).
Residence in a contaminated water district was not associated with a notable increase in the risk of any
cancer. In analyses of cancer incidence in relation to estimated serum PFOA concentrations, elevated
risks of cancer of the kidney (2.0; 95% Cl, 1.0-3.9; 9 cases) and testes (2.8; 95% Cl, 0.8-9.2; 6 cases),
and more modestly increased risks for cancer of the prostate (1.5; 95% Cl, 0.9-2.5; 31 cases), and breast
(1.4; 95% Cl, 0.9-2.3; 29 cases) were observed in the upper 10% of the exposure distribution. There was
no indication of an increased risk of cancers of the bladder, liver, pancreas, or thyroid..."

IARC commented about this study: “A strength of this study was its use of incidence data. A limitation
was that for the part of the sample residing in West Virginia, it was not possible to conduct the more
detailed exposure assessment based on street addresses, reducing the sample size for these analyses.
Another limitation was that the residential data were limited to only one residence (i.e. residence at
time of diagnosis), rather than a more complete residential history.”

IARC also reviewed the study by Barry et al. (2013), and provided additional details to those reported
under the ATSDR (above): “Barry et al (2013) included exposure-response analyses based on
cumulative exposure measures for cancers of the kidney, testes, and thyroid. In analyses with no
exposure lag, the relative risks for cancer of the kidney (n = 105 cases) were 1.23, 1.48, and 1.58 in
quartiles 2, 3, and 4, respectively, compared with the lowest quartile of exposure (P for trend, based on
continuous variable measure, 0.10). For cancer of the testes (n = 17 cases), relative risks of 1.04, 1.91,
and 3.17 across quartiles of exposure were observed (P for trend, 0.05). The trend P using another test
(i.e. using median values of quartiles) was 0.04, and the two P values for trend in the 10-year lagged
analysis were 0.02 and o0.10, respectively, for quartile and continuous analysis. For cancer of the
thyroid, the relative risks by quartile were 1.54, 1.48, and 1.73 (P for trend, 0.20). Similar results were
obtained with a 10-year exposure lag. There was no indication of increased risk for the other cancer sites
(liver, pancreas, prostate, and breast)...”

IARC's comment about this study was: “The strengths of this study included its use of incidence data
and individual-level exposure modelling using lifetime residential history, and the validation of the
exposure modelling.”

IARC reported the following detail about the study by Innes et al. (2014): “Innes et al. (2014)
conducted a case-control study of prevalent cases of cancer of the colorectum among 47 359
participants in the C8 Health Project (see Barry et al. 2013), using medical history and blood samples
collected in the 2005-2006 survey. Self-reported cases of cancer of the colorectum, verified by chart
review (n = 208) were compared to the 47 151 participants who did not report a history of any type of
cancer. An inverse association was seen between serum PFOA concentrations and risk of cancer of the
colorectum, including in analyses restricted to cases diagnosed within the past 6 years who had lived in
the same residence for the previous 10 or 15 years..."

IARC made the following comment about this study: “A limitation of this study was that the PFOA
measurements were taken after diagnosis, and so may not have reflected the etiologically relevant
exposure to PFOA."”

General population studies

IARC reviewed three case-control studies of cancer of the bladder, liver, prostate, pancreas, or
breast in the general population with background exposures (Eriksen et al. 2009; Hardell et al. 2014;
Bonefeld-Jargensen et 2011).
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IARC provided the following background to these studies: “Three population-based case-control
studies were available that examined PFOA serum concentrations in relation to various types of cancer
(Eriksen et al. 2009; Bonefeld- Jorgensen et al. 2011; Hardell et al. 2014). Exposure levels in these
studies were considerably lower than those seen in the community studies of high exposure or
occupational studies described previously.”

Of the study by Eriksen et al. (2009), |ARC provided more detail than the ATSDR, including: “There
was no association between variation in PFOA exposure in this population and risk of cancers of the
bladder or liver (Table 2.3). For cancer of the pancreas, the rate ratio in the highest quartile was 1.55
(95% Cl, 0.85—-2.80), and for cancer of the prostate the corresponding rate ratio was 1.18 (95% Cl, 0.84—
1.65). PFOS was also measured in the blood samples; the correlation between PFOA and PFOS was
r=o0.70. PFOS was not associated with cancers of the bladder, liver, or pancreas. For cancer of the
prostate, however, the rate ratio for the highest quartile of PFOS exposure was 1.38 (95% Cl, 0.99—
1.93)."

IARC commented about this study: “A strength of this study was that the PFOA measurements were
based on samples collected before diagnosis, and thus are likely to reflect an etiologically relevant time-
window of exposure; however, the number of cases of cancer of the liver was relatively small. Another
limitation was the relatively high correlation between PFOA and PFOS, which hampered interpretation
of the association with cancer of the prostate seen with each of these exposures.”

For the study by Hardell et al. (2014), IARC provided the following detail: “PFOA concentration was
measured in whole blood samples collected after enrolment (i.e. after diagnosis for cases); among
controls, the median PFOA concentration was 1.9 ng/mL (range, 0.35-8.4 ng/mL). There was no
association between PFOA concentration and cancer of the prostate in the analysis of the full sample,
but a relative risk of 2.6 (95% Cl, 1.2-6.0) was seen among individuals who reported a first-degree
relative with cancer of the prostate, and who had a serum PFOA concentration that was above the
median for controls (compared with individuals with no family history of cancer of the prostate and
serum PFOA concentration that was greater than the median for controls) ..."

Of this study IARC commented: “A limitation of this study was that the PFOA measurements were
taken after diagnosis, and so may not reflect a relevant time-window of exposure.”

Of the study by Bonefeld-Jargensen et al. (2011), IARD reported: “Serum PFOA concentrations were
measured in samples taken at the time of diagnosis for cases, and at enrolment for controls; among
controls, the median PFOA concentration was 1.6 ng/L (95% Cl, 2.11~2.90). Only 7 cases and 69
controls were included in analyses adjusting for covariates (age, body mass index, pregnancy, cotinine,
breastfeeding, and menopausal status) because of missing data (Table 2.3).”

IARC raised the following issue about this study: “The Working Group considered this study to be
uninformative because of the small sample size resulting from the high proportion of missing covariate
data.”

Dutch Mational Institute for Public Health and the Environment (RIVM)
The RIVM (2017) reported on PFOA and testicular and kidney cancer.
Studies reviewed

The RIVM reviewed:
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® eight international reviews and reports (C8 Science Panel, 2012b; Health Council
Netherlands, 2013; ATSDR, 2015; ECHA-RAC, 2015a; ECHA-RAC 2015b; DWQI 2016; 1ARC
2016;US EPA, 2016a);

® one systematic review (Chang et al. 2014); and

® four epidemiological studies (Barry et al. 2013; Vieira et al. 2013; Lundin et al. 2009;
Steenland and Woskie, 2012).

Considerations and ronclusions

RIVM reported specifically on PFOA exposure and cancer of the testis and kidneys, concluding that
for these cancers: “the evidence is less clear” and “Indications have also been found for a higher risk of
...testis and kidney cancer.”

In the 'Discussion and conclusions’ section, the RIVM stated: “In summary, four out of seven
international organizations have concluded that an association potentially exists between PFOA
exposure and testicular and kidney cancer, but the epidemiological studies have some limitations. It
should also be noted that the number of epidemiological studies that have investigated testicular
and/or kidney cancer is limited and were performed only in study populations that are part of the C8
Health Study.”

Summaries of studies reviewed

The four studies reviewed by the RIVM were reviewed by the ATSDR, US EPA and 1ARC, with
summaries provided above.

RIVM noted the following about PFOA exposure levels in the two occupational studies: “in both
studies performed in occupational study populations (Lundin et al. zoog9; Steenland and Woskie, 2012)
there were insufficient cases or no cases to examine testicular cancer. Lundin et al. (2009) found no
association with kidney cancer. Steenland and Woskie (2012) observed that kidney cancer was more
likely to occur in DuPont workers in Parkersburg, who had estimated cumulative blood concentrations
of 1,819 ppm-years (ppm=parts per million; 1 ppm=1000 ng/mL). To illustrate what ppm years entail,
Steenland and Woskie (2012) reported that, for example, 100 ppm over five years would be equal to 500
ppm-years.”

6.1.3. Systematic reviews

Chang et al. (zo24)

Chang et al. (2014) undertook a critical review of the human epidemiological literature on PFOS and
PFOA and cancer, noting in the Abstract that: "PFOS and PFOA are ubiquitous synthetic chemicals
with no known effect on human cancer development.”

Studies reviewed

Chang et al. (2014) examined 18 epidemiologic studies in all (Ubel et al. 1980; Gilliland and Mandel,
1993; Leonard et al. 2008; Eriksen et al. 200g; Lundin et al. 2009; Vassiliadou et al. 2010; Bonefeld-
Jorgenson et al. 2011; Steenland and Woskie 2012; Barry et al. 2013; Consonni et al. 2013; Vieira et
al. 2013; Yeung et al. 2013; Hardell et al. 2014; Innes et al. 2014; Alexander et al. 2003; Olsen et al.
2004; Alexander and Olsen 2007; Grice et al. 2007) looking at the association between PFOA and
PFOS exposure and cancer risk in humans.

Of these studies:
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w 14 studies had evaluated the association between PFOA exposure and human cancer
(Barry et al. 2013, Bonefeld- Jergensen et al. 2011, Consonni et al. 2013, Eriksen et al. 2009,
Gilliland and Mandel 1993, Hardell et al. 2014, Innes et al. 2014, Leonard et al. 2008, Lundin
et al. 2009, Steenland and Woskie 2012, Ubel et al. 1980, Vassiliadou et al. 2010, Vieira et
al. 2013, Yeung et al. 2013);

® 10 studies had evaluated the association between PFOS exposure and human cancer
(Alexander and Olsen 2007, Alexander et al. 2003, Bonefeld- Jargensen et al. 2011, Eriksen
et al. 2009, Grice et al. 2007, Hardell et al. 2014, Innes et al. 2014, Olsen et al. 2004,
Vassiliadou et al. 2010, Yeung et al. 2013).

Note, some studies examined both exposures.

Of these studies, nearly all were reviewed by either ATSDR or the US EPA, with the exception of
Consonni et al. 2013 which was reviewed by IARC, and Ubel et al. which only Chang et al. reviewed.

Considerations and conclusions

In the ‘Executive Summary’, Chang et al. stated: “Although some statistically significant positive
associations have been reported, for example, with cancers of the prostate, kidney, testis, and thyroid,
the majority of relative risk estimates for both PFOA and PFOS have been between o.5 and 2.0 (with
95% confidence intervals including 1.0), inconsistently detected across studies, counterbalanced by
negative associations, not indicative of a monotonic exposure-response relationship, and not coherent
with toxicological evidence in animals, in which the primary target organs are the liver, testis (Leydig
cells), and pancreas (acinar cells). Many positive associations with PFOA exposure were detected in
community settings without occupational exposure and were not supported by results in exposed
workers. Given that occupational exposure to PFOA and PFOS is one to two orders of magnitude higher
than environmental exposure, the discrepant positive findings are likely to be due to chance,
confounding and/or bias.”

The authors concluded: “Taken together, the epidemiological evidence does not support the hypothesis
of a causal association between PFOA or PFOS exposure and cancer in humans.”

Chang et al. reported that the work of all authors was funded by the 3M Company, but that “the
findings and conclusions are those of the authors and do not necessarily represent the views of 3M.”

Summuaries of studies reviewed

Of Ubel et al. (1980), Chang et al. reported: “The first study of health outcomes in PFOA production
workers was published by Ubel et al. (1980), who reported qualitative results of a cross-sectional
analysis and retrospective cohort mortality study of employees at the 3M facility in Cottage Grove
(Table 1). This plant consists of several divisions, with PFOA production limited to the chemical division,
which produced PFOA from 1947 to 2000. The chemical division also manufactured small amounts of
fluorochemicals involving PFOS, but PFOA was the predominant fluorochemical product. Starting in
1976, voluntary medical surveillance examinations, which included measurement of total serum fluorine
levels, were offered to fluorochemical workers. The authors reported that based on three annual health
evaluations of approximately 300 employees per year beginning in late 1976 ( ~ 90% of plant workers in
each year, with ~ 50% participating during all 3 years), ™ [n]o health problems related to exposure to
fluorochemicals were encountered among those examined “ (Ubel et al. 1980). They added that: “a
review of absenteeism and illness patterns in these employees does not suggest any work related
problems.” As described by Ubel et al. (1980), an independent research group conducted a retrospective
cohort mortality study among 3,688 workers employed at the Cottage Grove facility for at least 6
months between 1948 and 1978, a period during which 180 deaths (177 with death certificates obtained)
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were identified. Among the male workers, analyses revealed “no disagreement between the observed
mortality and that expected. This was true of all the various causes of death and also of various specific
causes of death due to cancer” (Ubel et al. 1980). In analyses restricted to chemical division workers,
there were also “no disagreements between observed and expected mortality for any cause of death.”
Due to the brevity of the study description and the absence of quantitative results, the strengths and
limitations of the study methods cannot be thoroughly evaluated. Although this study provides limited
evidence regarding the association between PFOA and cancer risk, its findings suggest no notable
increase in cancer mortality among fluorochemical workers at the Cottage Grove plant.”

Consonni et al. (2013) was reviewed by IARC; however Chang et al. reported the following details
about the methodology of the study: “Consonni et al. (2013) conducted a retrospective cohort
mortality study that combined 5,879 male workers (excluding 778 female workers with 16 deaths) at six
of the seven TFE production sites in Europe and the United States (excluding a small plant in North
Carolina that employed only 31 workers in TFE processes starting in 1979). Although TFE exposure was
the main focus of this study, the authors separately analyzed associations with PFOA exposure, which
was highly correlated with TFE exposure. The minimum employment tenure varied by facility; all
employees at three plants in Italy, England, and New Jersey were included, employees for at least 6
months at the Parkersburg plant were included, and employees for at least 1 year at two plants in
Germany and the Netherlands were included in the analysis. The period of follow-up was 1960- 2008 at
the Italian site, 1952~ 2008 at the English site, 1969 — 2007 at the New Jersey site, 1950 — 2002 at the
Parkersburg site, 1965 — 2001 at the German site, and 1967 — 2002 at the Dutch site. Ascertainment of
vital status was conducted through linkages to population registries or other statistical or health
databases, and death certificates and/ or cause-of-death codes were obtained for 98.8% of known
decedents from company-wide, local, state, or national health departments or databases. Time-varying
cumulative exposure to PFOA and TFE was estimated semiquantitatively by using a job-exposure matrix
with annual PFOA and TFE values for each relevant job title at each production site. The presence or
absence of asbestos or vinyl chloride monomer at each plant was also recorded. Expected numbers of
cause-specific deaths were calculated based on national age- and calendar-period specific mortality
reference rates for males (white males in the United States), with regional or state mortality rates used
in sensitivity analyses.”

The findings of this study were reported by Chang et al. as: “After an average of 25 years of follow-up,
significantly fewer than expected deaths from cancer occurred among the 4,205 male workers ever
occupationally exposed to PFOA (SMR 0.79 [0.67 — 0.92]), and no site-specific cancer SMRs were
significantly elevated (Table 2) (Consonni et al. 2013). When estimated cumulative exposure to PFOA
was categorized according to tertiles among observed all-cause deaths in PFOA-exposed workers, no
significant excess mortality from total cancer, leukemia, or esophageal, liver, pancreatic, lung, or
kidney/other urinary organ cancer was detected in the highest tertile of cumulative exposure, nor was a
significant exposure-response trend observed for any of these outcomes. When cumulative exposures to
TFE and PFOA were cross-classified, no deaths from any cause were observed (0.8 expected) among
workers with high cumulative PFOA exposure and low cumulative TFE exposure, and only three deaths
from cancer were observed (6.0 expected) among those with medium cumulative PFOA exposure and
low TFE exposure. Thus, associations with PFOA exposure independent of TFE exposure could not be
estimated robustly. In general, results were similar when regional mortality rates were used as the
reference.”
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Weight of evidence for PFOA/PFOA and cancer in humans

Chang et al. used the main Bradford Hill criteria™ as a framework to consider the weight of evidence
for or against the hypothesis of a causal effect of PFOA or PFOS on human cancer risk. For PFOA,
Chang et al. noted: “Here, the community-based case-control studies (Bonefeld- Jergensen et al. 2011,
Hardell et al. 2014) and cross-sectional studies (Vassiliadou et al. 2010, Yeung et al. 2013), which
yielded generally statistically null results, are not considered because their methodological limitations
render them largely uninformative for addressing the hypothesis of interest. The cross-sectional study
of colorectal cancer in the C8 Health Project (innes et al. 2014) is included because of its relevance to
communities exposed to higher environmental levels of PFOA.”

For PFOS, Chang et al. excluded the “lower-quality studies (Bonefeld-Jergensen et al. 2011, Hardell et
al. 2014, Vassiliadou et al. 2010, Yeung et al. 2013) from consideration”.

Below are some of the comments, determinations or conclusions from the Bradford Hill framework
reported in Chang et al. (2014).

Strength of association — PFOA

On the strength of association of PFOA, Chang et al. noted: “Exposure misclassification in these
studies may not be nondifferential between cancer cases and noncases and independent of other errors.
Exposure misclassification is especially likely to be differential in cross-sectional and casecontrol studies,
where exposure status is classified after or simultaneously with disease status, but differential
misclassification may also occur in cohort studies, resulting in an unpredictable direction of bias on RR
estimates. For example, in a cohort study using a job-exposure matrix to classify exposure, differential
error might occur if job title were associated with both the degree of exposure misclassification and the
probability of developing or being ascertained with cancer via socioeconomic status (i.e., apart from its
role as a surrogate for exposure level). Moreover, even in the presence of nondifferential exposure
misclassification, reported associations are not necessarily underestimated. Additional conditions must
be satisfied for the bias to be toward the null, and even when all such conditions are met, a given
estimate may by chance be biased away from the null (Jurek et al. 2005, Jurek et al. 2008). Thus, it
cannot be assumed that more accurate classification of PFOA exposure would necessarily have led to
stronger associations in these studies.”

Strength of association - PFOS

On the strength of association of PFOS, Chang et al. noted: “As shown in Table 4, most estimated
associations between PFOS exposure and cancer have been in the range of 0.5 to 2.0. Except for the
striking inverse association between serum PFOS and colorectal cancer prevalence (innes et al. 2014),
RR estimates falling outside this range were typically based on five or fewer cases, with correspondingly
imprecise 95% Cls consistent with no association. Confounding, bias, and chance could readily explain
such observed associations.”

Consistency of association — PFOA

In terms of the consistency of association of PFOA, Chang et al. noted: “Overall, there was no
consistent finding across all or even most studies. Perhaps the only positive association that showed
some consistency across multiple studies is that with kidney cancer. However, it should be recognized
that all of the studies that observed a positive association between estimated PFOA exposure and
kidney cancer risk or mortality were based at the Parkersburg plant or in the community surrounding the

* Hill, Austin Bradford (1965). The Environment and Disease: Association or Causation? Proceedings of the Royal Society

of Medicine. 58 (5): 255-300.
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Parkersburg plant [or, in the case of Consonni et al. (2013), in a study cohort that comprised largely
Parkersburg workers] (Barry et al. 2013, Consonni et al. 2013, Leonard et al. 2008, Steenland and
Woskie, 2012, Vieira et al. 2013). The three occupational study groups overlapped substantially
(Consonni et al. 2013, Leonard et al. 2008, Steenland and Woskie, 2012), as did the two community
study groups (Barry et al. zo13, Vieira et al. 2013), in which the same exposure estimation model was
applied. Thus, the results of these studies do not constitute independent replications. The only study
that reported on kidney cancer outside of the Parkersburg region (Lundin et al. 2009) found that kidney
cancer mortality was nonsignificantly lower than expected among workers who were probably directly
exposed to PFOA, with no kidney cancer deaths among definitely exposed workers. These findings call
into question the consistency and generalizability of the observed kidney cancer association.”

Consistency of assodiation - PFOS

In terms of the consistency of association of PFOS, Chang et al. noted: “Given that all four
occupational studies of PFOS exposure and cancer were conducted at the Decatur facility (Alexander
and Olsen, 2007, Alexander et al. 2003, Grice et al. 2007, Olsen et al. 2004), one might have expected to
find consistent associations in these workers, despite the major differences in outcome ascertainment
and classification across the studies. The fact that findings were inconsistent among these studies, as
well as across the community-based studies of PFOS and cancer, underscores the tenuousness of
reported associations with estimated PFOS."

Exposure response gradient - PFOA

When considering exposure response gradients for PFOA, Chang et al. noted that: “/t is important to
recognize that the magnitude of probable exposure to PFOA differs substantially among occupational
and community groups. As shown in Figure 1, median serum PFOA levels among directly exposed
fluorochemical workers at the Parkersburg plant in 1979— 2004 (Woskie et al. 2012), the Cottage Grove
plant in 1993 — 1997 (Olsen et al. 2000), the Decatur, Alabama, plant in 1998 (where levels were
reported as the geometric mean, which is generally close to the median in studies that reported both)
(Olsen et al. 2003b), and the Cottage Grove, Decatur, and Antwerp, Belgium, plants in 2000 (Olsen and
Zobel, 2007) ranged from approximately 1,000 to 2,880 ng/mL (1— 2 .88 ppm). By contrast, median
serum PFOA levels were approximately 15 — 30% as high among intermittently directly exposed workers
and 5— 1 0% as high among indirectly (background) exposed workers in Parkersburg (Woskie et al.
2012), and geometric mean levels were 5% as high among background-exposed film division workers in
Decatur (Olsen et al. 2003b). Median serum PFOA concentrations among residents of the six PFOA-
contaminated public water districts in Ohio and West Virginia near the Parkersburg plant in 2005 — 2006
were generally between 20 and 40 ng/mL, depending on age group and sex (Frisbee et al. 2009), a level
comparable to the background exposure level at the Decatur plant. Median serum PFOA levels were an
order of magnitude lower among participants in the US population-based National Health and Nutrition
Examination Survey (NHANES) in 1999~ 2008 (Kato et al. 2z011) and among American Red Cross adult
volunteer blood donors in 2000 — 2010 (Olsen et al. 2012), with declining levels over time. Thus, average
exposure to PFOA differed by up to two orders of magnitude between directly exposed workers and
nonoccupationally exposed community members, and by another order of magnitude between directly
exposed workers and indirectly exposed workers or residents near the Parkersburg plant (Figure 1).
However, many of the positive associations with cancer outcomes were observed with environmental
rather than occupational exposures to PFOA (Barry et al. 2013, Vieira et al. 2013). This pattern might be
explained by greater statistical power in the community based studies, or by chance, confounding,
and/or bias. In light of the fact that most SMR and RR point estimates in occupational studies were
close to unity, insufficient statistical power cannot be the only reason for the generally null findings.
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Instead, chance, confounding, and bias (with an unknown degree and direction of impact) are more
plausible explanations for the apparently stronger associations in less exposed study groups.”

Exposure response gradient - PFOS

When considering exposure response gradients for PFOS, Chang et al. noted that: “As with PFOA,
biomonitoring studies of serum PFOS levels show major differences among occupational and
community groups (Figure 2). The geometric mean level was 941 ng/mL (0.941 ppm) among
fluorochemical workers at the Decatur plant in 1998 (Olsen et al. 2003b) and the median was 1,000
ng/mL at the same plant in 2000 (Olsen and Zobel, 2007). At the Antwerp and Cottage Grove plants,
the median levels were 550 and 450 ng/ mL, respectively (Olsen and Zobel, 2007), while the geometric
mean level among background-exposed film division workers at the Decatur plant was 136 ng/mL
(Olsen et al. 2003b). By contrast, median serum PFOS levels were up to two orders of magnitude lower
in Ohio and West Virginia residents near the Parkersburg plant (approximately 20 ng/mL in 2005-
2006), where industrial use of PFOS did not occur (Frisbee et al. 2009). Median serum PFOS levels were
comparable in US general population participants in NHANES (30.2 ng/mL in 1999— 2000 and 13.6
ng/mL in 2007 2008) (Kato et al. 2011), and in American Red Cross adult volunteer blood donors (35.8
ng/mL in 2000— 2001 and 8.6 ng/ mL in 2010) (Olsen et al. 2012). Again, these differences must be
considered when contemplating the plausibility of observed positive associations in community, but not
in occupational, settings.”

Plausibility and coherence with texdcologionl evidence - PFOA

With regards to plausibility and coherence with toxicological evidence for PFOA, Chang et al.
included the following statements: “Although animal toxicology data on PFOA are not readily
translated to humans, a causal interpretation of an observed association may be better justified if it is
coherent with laboratory evidence (Hill, 1965). Such evidence can also support the biological plausibility
of a causal hypothesis (Hill, 1965).”

“A priori, based on the results of experimental animal studies, the organs of greatest concern with
respect to a potential carcinogenic effect of PFOA are the liver, testis (Leydig cells), and pancreas
(acinar cells). However, no convincing associations with malignancies affecting any of these organs
have been observed in epidemiologic studies of humans. Only testicular cancer has been associated
with PFOA exposure in any of these studies (Barry et al. 2013, Vieira et al. 2013), with ambiguous
exposure-response trends. On the other hand, given the relatively poor site concordance between
animals and humans for many known human carcinogens, the lack of associations between PFOA
exposure and liver, testicular, and pancreatic cancers among humans does not constitute evidence
against human carcinogenicity of PFOA, rather, it provides no evidence to support such an effect. Of
note, nearly all testicular cancers in humans are of germcell origin, with Leydig cell tumors constituting
only an estimated 1 — 3% of testicular malignancies (Sarma et al. 2006). Therefore, it is questionable
whether a positive association between PFOA exposure and testicular cancer risk in humans, even if
well established, could accurately be described as being coherent with the finding of excess Leydig cell
adenomas in rats fed with PFOA. Likewise, pancreatic acinar cell carcinomas account for only
approximately 1% of pancreatic exocrine tumors in humans (Klimstra et al. 1992), and mammary
fibroadenomas [which were not significantly increased in rats fed with PFOA (Hardisty et al. 2010)] are
not precursors of breast cancer or indicators of increased breast cancer risk in humans (Fitzgibbons et al.
1998). TFE — which was used to manufacture fluoropolymers in the Parkersburg plant (Steenland and
Woskie, 2012) and five European plants (Consonni et al. 2013), but not the Cottage Grove plant —is a
kidney, liver, hematopoietic, and possibly testicular carcinogen in rodents. Specifically, 2-year
wholebody inhalation exposure resulted in significant increases in renal tubule adenoma, renal tubule
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adenoma and carcinoma combined, hepatocellular adenoma, HCC, liver hemangiosarcoma, and
mononuclear cell leukemia, as well as slight increases in testicular interstitial cell adenoma, in F344/N
rats (National Toxicology Program, 1997). In B6C3F 1 mice, the same exposure resulted in significant
increases in liver hemangioma, liver hemangiosarcoma, hepatocellular adenoma, HCC, and histiocytic
sarcoma of the liver, lung, spleen, lymph nodes, bone marrow, and kidney (National Toxicology
Program, 1997). Thus, although epidemiologic data on TFE are inconclusive, animal toxicology data are
coherent with the hypothesis that TFE, which was highly correlated with PFOA at the Parkersburg
facility and at the six combined US and European facilities in the pooled analysis (Consonni et al. 2013,
Steenland and Woskie, 2012), was responsible for the apparent positive association between PFOA
exposure and kidney cancer mortality in these study groups. As stated by Consonni et al. (2013),
toxicological evidence in animals suggests that TFE could also have contributed to the modest,
statistically nonsignificant excesses of liver cancer, testicular cancer, and leukemia mortality observed
in the pooled TFE cohorts, as well as in some comparisons in the Parkersburg cohort (Leonard et al.
2008, Steenland and Woskie, 2012). Given that the Cottage Grove facility manufactured PFOA but did
not use it for polymer production, TFE probably was not used in Cottage Grove, and its absence could
plausibly explain the lack of excess kidney cancer mortality in that worker cohort (Lundin et al. 2009).”

Plausibility and coherence with toxicological evidence - PFOS

With regards to plausibility and coherence with toxicological evidence for PFOS, Chang et al.
included the following statement: “Toxicological studies in animals clearly pinpoint the liver as the
main target organ for a potential carcinogenic effect of PFOS. Although Alexander et al. (2003) reported
elevated SMRs for liver cancer among workers with low or high potential PFOS exposure, these
estimates were based on only one death each and, therefore, highly unstable. Olsen et al. (2004)
reported no episodes of care for liver cancer among chemical division workers, compared with one such
episode among film division workers. The inverse RR estimates for liver cancer in association with higher
quartiles of plasma PFOS concentration reported by Eriksen et al. (2009) in Denmark also are not
consistent with a hepatocarcinogenic effect of PFOS in humans, at least at relatively low
concentrations. The 2-year rat feeding study of PFOS detected a potentially spurious increase in thyroid
follicular cell adenoma among male rats fed with PFOS for 1 year and followed for a 2nd year, but not
among those fed with PFOS for the full 2 years (Seacat et al. 2002). Only Olsen et al. (2004) reported on
thyroid cancer as an outcome, with one episode of care (versus 1.0 expected) in a short-term and/or low-
exposure chemical division worker and none among long-term, high-exposure chemical division workers
or film division workers. Thus, although concordance of sites of carcinogenesis across species is not a
requirement for establishing human cancer hazards, a comparison of results from animal and human
studies offers little to no support for a causal relationship between PFOS exposure and human cancer.”

Conclusion

Chang et al. reported the following in the Conclusion of the review: “The vast majority of reported
associations with cancer mortality, incidence, or prevalence have been consistent with the null
hypothesis of no effect. The few observed positive associations have not met the Bradford Hill
guidelines, that is, they are weak, inconsistent, off set by negative associations, not in keeping with a
positive exposure-response gradient, and not coherent with the toxicological findings of liver, testicular
Leydig cell, and pancreatic acinar cell tumors in animals exposed to PFOA and liver tumors in those
exposed to PFOS. Moreover, confounding, bias, and chance (especially in light of multiple comparisons)
cannot be ruled out as explanations for the reported positive associations, many of which were observed
in studies of environmentally exposed communities, but not in occupational settings where exposure to
PFOA and PFOS was one to two orders of magnitude higher. Toxicological and mechanistic data in
animals do not conflict with the epidemiologic data in humans and may even be interpreted as offering
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evidence against a carcinogenic effect of PFOA and PFOS in humans, given that the mechanisms by
which these chemicals induce tumors in rodents may not be involved in human carcinogenesis.”

Chang et al. then reported on the classification of the Health Council of the Netherlands, and
continued: “This classification is consistent with our conclusion that the existing epidemiologic evidence
does not support the hypothesis of a causal association between PFOA or PFOS exposure and cancer in
humans. However, further research on this topic is warranted. Quantitative exposure assessment in
previously unstudied occupational settings — for example, at industrial facilities in Asia that continue to
produce or use PFOA and/ or PFOS (Lim et al. 2011) — could provide the basis for future cohort studies
once sufficient follow-up time has accrued. More readily, continued follow-up of existing cohorts and
linkage to cancer registries to ascertain cancer incidence might provide additional insight into whether
these compounds affect cancer risk in humans.”

Priestly {20186}
Studies reviewed

Priestly reviewed five studies on PFAS and cancer in humans (Barry et al. 2013; Alexander et al. 2003;
Alexander and Olsen, 2007; Hardell et al. 2014; Bonefeld-Jergensen et al. 2011; Ghisari et al. 2014;
Innes et al. 2014).

All of these studies were reviewed by either the ATSDR, US EPA, RIVM, Chang et al. except Ghisari
et al. (2014).

In addition, Priestly reported on the findings of the review by Chang et al. (2014), and also noted the
IARC Monograph for PFOA published in 2016, and the three studies on testicular and renal cancer in
a fluoropolymer production plant and in the highest exposed nearby residents IARC based its
classification on (Steenland and Woskie, 2012; Vieira et al. 2013; Barry et al. 2013).

Considerations and conclusions

Priestly stated in the ‘Executive Summary’ under ‘Carcinogenicity’: “"PFOA (but not PFOS) was
evaluated for carcinogenicity by the International Agency for Research on Cancer (IARC) in 2014. It was
classified in Group 2B — possibly carcinogenic to humans, on the basis of limited evidence of testicular
and renal cancer, in workers in a fluoropolymer production plant and in the highest exposed nearby
residents. The animal data was also considered to be limited. Since the mode of action data was
considered moderate, there was insufficient evidence to upgrade the classification. An independent
review of 18 epidemiological studies of cancer incidence reached the conclusion that the evidence does
not support an association between cancer and either PFOS or PFOA. The U.S. Agency for Toxic
Substances and Disease Registry (ATSDR 2015) has also concluded that: “There is no conclusive
evidence that perfluoroalkyls cause cancer in humans”. Despite these findings, media reports of the
consequences of off-site contamination by PFOS have commonly referred to the ‘cancer-causing’
properties of the contaminants, no doubt unduly raising the level of concern among nearby residents.”

Priestly also noted in the ‘Carcinogenicity’ section that: “JARC has not evaluated PFOS for
carcinogenicity at this time."

Summuaries of studies reviewed

Of the study by Ghisari et al. (2014), Priestly reported: “In a small case-control study investigating the
relationship between POPs exposure and breast cancer risk in Greenlandic inuit women, higher (p<o.05)
median blood levels of PFOA (2.5 vs 1.6 ng/mL) and PFOS (45.6 vs 21.9 ng/mL) were found in cases,
compared to controls (Bonefeld-Jargensen et al. 2011). This study was considered by the IARC Working
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Group to be uninformative because of the small sample size and missing covariate data. In a follow-up
study, the increase risk associated with PFAS exposure was assessed to be higher in subjects with a
variant metabolic enzyme polymorphism involving at least one of CYP1A1; COMT and CYP1g (Ghisari et
al. 2104)."

Of people’s concerns about thyroid cancer, Priestly noted: “"While some affected communities in
Australia have expressed concerns about a link with thyroid cancer, possibly based on reports
suggesting links with thyroid disease or thyroid hormone disruption (see section 5.1 of this report),
neither the epidemiological studies nor toxicological studies in animals provide any confirmatory
evidence of a link with thyroid cancer. The most definitive evidence is from the study of mid-Ohio Valley
residents exposed to PFOA in water supplies around the DuPont plant (Barry et al. 2013), where the
relative risks (RR) for thyroid cancer were not significantly increased across the three highest exposure
quartiles based on PFOA blood levels — 1.54 (95% Cl 0.77 — 3.12); 1.48 (0.74 — 2.93); 1.73 (0.85 — 3.54).
These RR estimates were slightly higher when a 10y lag was introduced in to the analysis, but still did
not achieve statistical significance.”

Kirk et al, {z018)
Studies reviewed
Kirk et al. (2018) evaluated 20 papers investigating PFAS exposure and cancer:

® Eleven studies were reviewed on bladder cancer, with five studies evaluating bladder
cancer mortality (Alexander et al. 2003; Leonard et al. 2008; Lundin et al. 200g; Raleigh et
al. 2014; Steenland and Woskie 2012) and seven studies evaluating bladder cancer
incidence {Alexander and Olsen, 2007; Barry et al. 2013; Eriksen et al. 200g; Olsen et al.
2004; Raleigh et al.2014; Steenland et al. 2015; Vieira et al. 2013).

@ Five studies were reviewed on kidney cancer, three of which evaluated the incidence of
kidney cancer (Barry et al. 2013; Raleigh et al. 2014; Vieira et al. 2013) while three studies
evaluated mortality (Leonard et al. 2008; Raleigh et al. 2014; Steenland and Woskie 2012).

® Nine studies were reviewed on liver cancer, with five studies evaluating liver cancer
incidence (Barry et al. 2013; Eriksen et al. 2009; Raleigh et al. 2014; Vieira et al. 2013; Olsen
et al. 2004) and four studies investigating liver cancer mortality (Leonard et al. 2008;
Steenland and Woskie, 2012; Alexander et al. 2003; Raleigh et al. 2014). Kirk et al. also
reviewed the study by Yeung et al. (2013) on liver transplant patients.

L Thirteen studies were reviewed on prostate cancer, with five studies evaluating prostate
cancer mortality (Gilliland and Mandel, 1993; Leonard et al. 2008; Lundin et al. 200g;
Raleigh et al. 2014; Steenland and Woskie, 2012) and nine studies evaluating prostate
cancer incidence (Barry et al. 2013; Ducatman et al. 2015; Eriksen et al. 2009; Grice et al.
2007; Hardell et al. 2014: Olsen et al. 2004; Raleigh et al. 2014; Steenland et al. 2015; Vieira
etal. 2013).

# Eight studies were reviewed on colorectal cancer, including two studies on colorectal
cancer mortality (Leonard et al.2008; Gilliland and Mandel, 1993) and six studies on
colorectal cancer incidence (Barry et al. 2013; Innes et al. 2014; Steenland et al. 2015; Grice
et al. 2007; Vieira et al. 2013; Olsen et al.2004).

# Nine studies were reviewed on breast cancer, including six studies on breast cancer
incidence (Barry et al. 2013; Bonefeld- Jorgensen et al. 2011; Bonefeld-Jargensen et al.
2014; Grice et al. 2007; Raleigh et al. 2014; Vieira et al.2013) and four studies on breast
cancer mortality (Alexander et al. 2003; Leonard et al. 2008; Raleigh et al. 2014; Steenland
and Woskie., 2012).
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® Five studies were reviewed on testicular cancer, including three studies on mortality from
testicular cancers (Gilliland and Mandel, 1993; Alexander et al. 2003; Steenland and Woskie
,2012), and two studies on incidence of testicular cancer (Barry et al. 2013; Vieira et al.
2013);

® Four studies were reviewed on thyroid cancer, including three studies on thyroid cancer
incidence (Barry et al. 2013; Grice et al. 2007; Vieira et al. 2013), and one on thyroid cancer
mortality (Leonard et al. 2008).

w For other cancers, eight cohort studies were reviewed (Alexander et al, 2003; Barry et al.
2013; Leonard et al. 2008; Lundin et al. 2009; Olsen et al. 2004; Raleigh et al. 2014;
Steenland and Woskie, 2012; Steenland et al. 2015) and one case-control study (Vieira et
al. 2013) that investigated a range of cancers in addition to those specifically reported on in
the above sections.

All of the above studies were reviewed by either the ATSDR or the US EPA, with the exception of
Ducatman et al. 2015.

Considerations and conclusions

In the 'Plain language summary', Kirk et al. stated that: “We found limited evidence in a small number
of relevant studies that PFAS exposure caused kidney and testicular cancers”. In the ‘Executive
Summary’, Kirk et al. provided more detail, stating: "PFOA was associated with kidney cancer in two
out of six relevant studies and with testicular cancer in two out of five relevant studies. These findings
were statistically significant or marginally so in several studies of both cancers and showed evidence of
a dose-response relationship for both cancers.”

In the ‘Discussion — overview of results’, Kirk et al. again commented on their evaluation of the
evidence on kidney and testicular cancer, and then commented on their evaluation of the evidence
on other cancers: “We found limited evidence of a health effect for an association between PFOA
exposure and kidney cancer and testicular cancer. While based on relatively weak evidence, this finding
is concordant with the IARC evaluation of PFOA, which was made in 2014 and published in 2017
[International Agency for Research on Cancer (IARC) 2017]. There was inadequate evidence of an
association between PFAS and other cancers studied.”

In the ‘Cancers’ section, the authors noted that: “Most of the studies were conducted among
populations where exposure had been estimated or modelled based on blood testing at a single point in
time and many of the studies only examined exposure to a single PFAS.”

Kirk et al. reported on cancer of the bladder, kidney, liver, prostate, pancreas, colorectum, breast,
testes and thyroid and other cancers.

The Table below has been reproduced from Kirk et al. (pg. 111) and reports their evaluation of the
evidence for each cancer by PFAS chemical.

Associations ot a glance: Evidence for each cancer

Bladder cancer PFOA, PFOS Inadequate evidence
Kidney cancer PFOA Limited evidence
Liver cancer PFOA, PFOS Inadequate evidence
Prostate cancer PFOA, PFOS, PFNA, PFHXS, PFDA, PFDoA Inadequate evidence
Pancreatic cancer PFOA, PFOS Inadequate evidence
Colorectal cancer PFOA, PFOS Inadequate evidence
PFAS Expert Health Panel - Report to the Minister, March 2018 63

ED_002330_00159228-00065



Breast cancer PFOA, PFOS, PFNA, PFHxS Inadequate evidence
Testicular cancer PFOA Limited evidence
Thyroid cancer PFOA Inadequate evidence

Bladder cancer

Kirk et al. reviewed eleven studies on bladder cancer, with five studies evaluating bladder cancer
mortality (Alexander et al. 2003; Leonard et al. 2008; Lundin et al. 2009; Raleigh et al. 2014;
Steenland and Woskie 2012) and seven studies evaluating bladder cancer incidence (Alexander and
Olsen, 2007; Barry et al. 2013; Eriksen et al. 2009; Olsen et al. 2004; Raleigh et al.2014; Steenland et
al. 2015; Vieira et al. 2013).

Of these studies, Kirk et al. reported that: “One of the five papers evaluating mortality, and one of the
seven studies evaluating incidence, found an association of bladder cancer with PFAS. Alexander et al.
[2003] examined mortality in a cohort of workers at a DuPont facility manufacturing POSF—a pre-
cursor to PFOS. The study of 2,083 workers engaged at the plant for at least one year found that
exposure to PFOS based on work history was associated with an increased standardised incidence
ratios for cancer of bladder and other urinary organs (standardised mortality ratio (SMR) (95% Cli); 12.77
(2.6, 37.35)) based on three cases. Olsen et al. [2004] examined health claims data for this cohort and
did not observe any association with bladder cancer. In a further follow-up of this occupational cohort
using improved ascertainment of incident cases, Alexander and Olsen [2007] did not observe an
association between exposure and incidence of bladder cancer (standardised incidence ratio (SIR) (95%
Cl); 1.28(0.64, 2.29)). Leonard et al. [2008] did not observe an association between PFOS exposure and
bladder cancer mortality in an occupational cohort. Eriksen et al. [2009] did not observe an association
between PFOS and bladder cancer incidence in the general Danish population.

Steenland et al. [2015] interviewed 73% (4391/6026) workers or their next of kin in an update of a
highly-exposed occupational cohort that was inclusive of follow-up time from Steenland & Woskie
[2012]. They observed a significant negative trend for bladder cancer across quartiles of PFOA with
analysis without a lag period (p=0.04) [2015]. Lundin et al. [2009] did not observe an association
between PFOA and mortality from bladder cancer, which was consistent with an earlier analysis of this
cohort [Gilliland and Mandel 1993]. In a combined analysis of the C8 Health Project cohort and a nearby
DuPont occupational cohort, Barry et al. [2013] did not observe an association between PFOA and
bladder cancer incidence. Similarly, Vieira et al. [2013] in an overlapping study conducted a geographic
analysis of cancers in the C8 Health Project area of Ohio and West Virginia and did not identify an
association with bladder cancer.”

Kidney cancer

Kirk et al. reviewed five studies on kidney cancer; three of these studies evaluated the incidence of
kidney cancer (Barry et al. 2013; Raleigh et al. 2014; Vieira et al. 2013) and three evaluated mortality
(Leonard et al. 2008; Raleigh et al. 2014; Steenland and Woskie 2012).

All of these studies have been previously reviewed earlier under ATSDR, US EPA, IARC, Chang et al.
above.

Kirk et al. reported that: “An association of kidney cancer with PFAS was found in one of three papers
evaluating its mortality and one of the three papers evaluating its incidence. Steenland & Woskie [2012]
updated mortality data for an occupational cohort study of workers exposed to PFOA originally
conducted by Leonard, et al. [2008] and found elevated risks for kidney cancer (SMR (Q4-Qz) (95% Cl);
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2.82 (1.13, 5.81)). Barry et al. [2013] used C8 Health Project data and found an association for a 1-unit
increase in In-transformed cumulative exposure to PFOA in relation to kidney cancer (HR (95% Cl); 1.10
(0.98, 1.24)), the P-value was o.10. In a study that overlapped in terms of study population and follow-
up period. Vieira et al. [2013] conducted a case control study of residents of different water supply
districts in West Virginia and Ohio and identified weak positive association between PFOA and kidney
cancer incidence (OR (Q4-Q1) (95% Cl); 2.0 (1.0, 3.9)), in individual data, with some evidence a of dose
response relationship. This association was little evident in area level data. Raleigh et al. [2014] studied
mortality and incidence and Leonard et al. [2008] studied mortality among AFPO workers and found no
association between PFOA and kidney cancer.”

Liver cancer

Nine studies were reviewed by Kirk et al. on liver cancer, with five studies evaluating liver cancer
incidence (Barry et al. 2013; Eriksen et al. 2009; Raleigh et al. 2014; Vieira et al. 2013; Olsen et al.
2004) and four studies investigating liver cancer mortality (Leonard et al. 2008; Steenland and
Woskie, 2012; Alexander et al. 2003; Raleigh et al. 2014). Kirk et al. also reviewed the study by Yeung
et al. (2013) on liver transplant patients.

Kirk et al. reported for these studies that: “None of the nine papers investigating the association
between PFAS and liver cancer incidence and mortality reported statistically significant findings.
Leonard et al. [1998] and Steenland & Woskie [2012] examined mortality from liver cancer in an
occupational cohort, which was not associated with PFOA exposure. Barry et al. [2013] found no
association between PFOA and liver cancer in the C8 Health Project. In a geographic analysis as part of
the C8 Health Project, Vieira et al. [2013] found no association between PFOA and liver cancer
incidence. Alexander et al. [2003], in an occupational cohort study found no association between PFOS
and liver cancer mortality. From the same cohort, Olsen et al. [2004] found no association between
episodes of care for liver cancer with PFOS exposure. Raleigh et al. [2014] found no association between
PFOA exposure and mortality or incidence of liver cancer. Eriksen et al. [2009] investigated PFOS and
PFOA in the Danish population and found no association with liver cancer. in a small cross-sectional
study, Yeung et al. [2013] tested for nine different PFAS in blood serum and liver of 79 patients
undergoing liver transplant for liver cancer and found marginally higher levels in these patients than a
small number of 34 control patients. However, sampling for this study was opportunistic in nature and
could have been subject to selection bias.”

Frostate cancer

Kirk et al. reviewed 13 studies on prostate cancer, with five studies evaluating prostate cancer
mortality (Gillland and Mandel, 1993; Leonard et al. 2008; Lundin et al. 2009; Raleigh et al. 2014;
Steenland and Woskie, 2012) and nine studies evaluating prostate cancer incidence (Barry et al.
2013; Ducatman et al. 2015; Eriksen et al. 2009; Grice et al. 2007; Hardell et al. 2014: Olsen et al.
2004; Raleigh et al. 2014; Steenland et al. 2015; Vieira et al. 2013).

Kirk et al. reported of the studies they reviewed that: “An association between prostate cancer and
PFAS exposure was identified in two of six papers evaluating mortality and none of the nine papers
evaluating incidence. In an occupational cohort study of 3,993 employees, Lundin et al. [2009] found an
association between prostate cancer mortality and high levels of exposure to AFPO (HR (95% Cl); 6.2
(1.1, 37.7)) based on job classification and duration of employment. Leonard et al. [2008] observed a
lower mortality rate of prostate cancer among an occupational cohort when compared to the United
States general population (SMR (95% Cl); 51.8% (26.8, 90.5)). However, in an update of this study,
Steenland & Woskie [2012] did not observe an association between PFOA and mortality from prostate
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cancer from the same cohort. In another occupational cohort, Raleigh et al. [2014], Lundin et al. [2009]
and Gilliland & Mandel [1993] did not observe an association between prostate cancer mortality and
PFOA exposure [Lundin et al. 2009; Gillifand and Mandel 1993; Raleigh et al. 2014]. In the Danish birth
cohort, Eriksen et al. [2009] found a weak association between prostate cancer incidence and PFOS
when comparing the highest quartile with the lowest (incidence rate ratio (Q4-Q1) (95% Cl); 1.38 (0.99,
1.33)), although this association was not statistically significant. They did not observe an association for
PFOA. in a study of 25,412 men from the C8 study, Ducatman et al. [2015] examined prostate specific
antigen levels among men in the C8 cohort study and found no association between PFAS and prostate
specific antigen levels. Hardell et al. [2014] conducted a case control study of 201 cases of prostate
cancer and 186 population-based controls and found no overall association with the six PFAS chemicals
measured. However, when analysis was adjusted for men who had a first degree relative had a history
of prostate cancer there were positive associations with both PFOA (OR (95% Cl); 2.6 (1.2, 6.0)) and
PFOS (OR (95% Cl); 2.7 (1.04, 6.8)).

Steenland et al. [2015] did not identify an association between PFOA and incidence of prostate cancer
among exposed workers in Ohio. Barry et al. [2013] did not observe an association between prostate
cancer and PFOA in the C8 Health Project. Similarly, in a geographic analysis of the C8 Health Project,
Vieira et al. [2013] did not observe an association between PFOA and prostate cancer. Grice et al. [2007]
found no association between self-reported prostate cancer and PFOS exposure in exposed workers.
Olsen et al. [2004] did not observe an association between PFOS and episodes of care for prostate
cancer.”

Colprectal cancer

Kirk et al. reviewed eight studies on colorectal cancer, including two studies on colorectal cancer
mortality (Leonard et al.2008; Gilliland and Mandel, 1993) and six studies on colorectal cancer
incidence (Barry et al. 2013; Innes et al. 2014; Steenland et al. 2015; Grice et al. 2007; Vieira et al.
2013; Olsen et al.2004).

With regards to colorectal cancer mortality, Kirk et al. concluded: “Neither of the two papers
examining mortality identified an association between colorectal cancer and exposure to PFAS.
Gilliland & Mandel [1993] did not identify an association between occupational exposure to PFOA and
colorectal cancer. Similarly, Leonard et al. [2008] did not observe an association between occupational
exposures to PFOA and colorectal cancer.”

Kirk et al. reported the following on the colorectal cancer incidence studies they reviewed: "Among
six papers examining incidence, there were two papers that identified an association between PFAS and
colorectal cancer. Innes et al. [2014] conducted a large cross-sectional study among C8 Health Project
study participants and found a strong inverse relationship between colorectal cancer and increasing
blood concentration of PFOS (OR (Q4-Q1) (95% Cl); 0.2 (0.2, 0.3)) and PFOA (OR (Q4-Q1) (95% Cl); 0.6
(0.4, 0.9)) after adjusting for potential confounders. Vieira et al. [2013[used a geographical approach to
analysing data from cancer cases and controls (who were patients with cancers other than the cancers
hypothesized to be caused by PFAS exposure) in the (8 study area using water supply areas of residence
and historical measurements of PFAS in the supplied water to estimate PFAS exposure. There was a
weak positive association between colorectal cancer incidence and high exposure to PFOA (OR (95%

Cl); 1.3 (2.0-1.7)).

Grice et al. [2007] did not identify an association between self-reported colorectal cancer and PFOS
among exposed workers. In a similar occupational cohort, Olsen et al. [2004] did not identify an
association between occupational exposure to PFOS and episodes of care for colorectal cancer.
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Steenland et al. [2015] did not identify an association between colorectal cancer incidence and PFOA
exposure. Barry et al. [2013] did not identify an association between colorectal cancer incidence and
PFOA in the C8 Health Project.”

Bregst concer

Nine studies were reviewed on breast cancer, including six studies on breast cancer incidence (Barry
et al. 2013; Bonefeld- Jergensen et al. 2011; Bonefeld-Jargensen et al. 2014; Grice et al. 2007;
Raleigh et al. 2014; Vieira et al.2013) and four studies on breast cancer mortality (Alexander et al.
2003; Leonard et al. 2008; Raleigh et al. 2014; Steenland and Woskie, 2012).

In summarising the studies on breast cancer, Kirk et al. reported that: “For breast cancer, none of the
four papers evaluating mortality found an association between breast cancer and PFAS.

Two of the six papers evaluating incidence found an association with PFAS. Bonefeld-Jargensen et al.
[2014] conducted a case cohort study of breast cancer in Danish women finding that increased PFHxS
was negatively associated with this disease (RR (Q4-Q1) (95% Cl); 0.41 (0.17, 0.96)) for women in the
highest quartile versus the lowest quartile in women <40 years of age. The study also found that
increased PFOSA was weakly positively associated with disease in these women (RR (95% Cl); 2.45
(1.00, 6.00)) in the highest quartile versus lowest quartile in women <40 years of age. In a study of 31
breast cancer cases and 115 controls in Greenland, Bonefeld-Jorgensen et al. [2011] found an
association with higher blood levels of PFOS concentration modelled as a continuous variable (OR per
ng/mL increase PFOS (95% Ci); 1.01 (1.00, 1.02)).

Grice et al. [2007] did not find an association between self-reported breast cancer and PFOS exposure
at work. In another occupational cohort, Raleigh et al. [2014] did not find any association between
breast cancer and occupational exposure to PFOA. Barry et al. [2013] did not observe an association
between PFOA and breast cancer incidence in the C8 Health Project study. Similarly, in geographic
analysis of the C8 Health Project, Vieira et al. [2013] did not observe an association between breast
cancer and PFOA exposure.”

Testicular cancer

Kirk et al. reviewed five studies on testicular cancer, including three studies on mortality from
testicular cancers (Gilliland and Mandel, 1993; Alexander et al. 2003; Steenland and Woskie ,2012),
and two studies on incidence of testicular cancer (Barry et al. 2013; Vieira et al. 2013).

With regards to testicular cancer mortality and incidence, Kirk et al. reported that: “None of three
papers evaluating mortality from testicular cancer and both of the two papers evaluating incidence
found an association with PFAS [Steenland and Woskie 2012; Gilliland and Mandel 1993, Leonard et al.
2008]. Two overlapping papers investigating testicular cancer in the C8 Health Project identified
associations with PFOA. Barry et al. [2013] observed a comparatively strong and consistent association
between PFOA exposure and testicular cancer: HR was 1.34 (95% Cl 1.00, 1.79)) for log estimated
exposure fitted as a continuous variable, and in quartiles of exposure it was 1.04 (95% Cl 0.26, 4.22) Q2,
1.91 (95%Cl 0.47, 7.75) Q3, and 3.17 (95% Cl 0.75, 13.45) Q4 (P-0.94). Similarly, in a geographic analysis
of testicular cancer in the C8 Health Project, the OR for testicular was higher in one of six water districts
contaminated with PFOA: Little Hocking (OR 5.1 (95% Cl); 1.6, 15.6) [Vieira et al. 2013]. However, there
was no overall association with testicular cancer in this study.”
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Thyroid cancer

Kirk et al. reviewed four studies on thyroid cancer, including three studies on thyroid cancer
incidence (Barry et al. 2013; Grice et al. 2007; Vieira et al. 2013), and one on thyroid cancer mortality
{Leonard et al. 2008).

With regards to thyroid cancer mortality and incidence, Kirk et al. reported that: “Four papers
evaluated the association between PFOA and thyroid cancer incidence (three papers) and mortality
(one paper). The three papers examining incidence did not find an association between PFAS and
thyroid cancer [Grice et al. 2007; Barry et al. 2013; Vieira et al. 2013]. Leonard et al. [2008] conducted
an occupational cohort study of mortality in 6,027 men and women working in a DuPont ammonium
perflurooctanoate factory between 1948-2002 and found elevated risks for thyroid and other endocrine
cancers (SMR (95% Cl); 6.286 (1.297, 18.369)) in workers with any exposure to PFOA when compared to
non-exposed workers.”

Other concers

Kirk et al. evaluated eight cohort studies (Alexander et al, 2003; Barry et al. 2013; Leonard et al.
2008; Lundin et al. 200g; Olsen et al. 2004; Raleigh et al. 2014; Steenland and Woskie, 2012;
Steenland et al. 2015) and one case-control study (Vieira et al. 2013) that investigated a range of
cancers in addition to those specifically reported on in the above sections.

Kirk et al. reported that: “In the cohort studies examining incidence of and mortality from cancer in
people exposed to PFAS, there were many additional cancers studied that showed little or no evidence
of any association with PFAS. They included: oesophageal, stomach, respiratory, larynx, lung,
pancreas, central nervous system, lymphatic and haematopoietic, and bone cancers, and melanoma,
Hodgkin lymphoma, and leukaemia. Vieira et al. [2013] examined the relationship between PFOA and
18 different cancers. Non-Hodgkin lymphoma was associated with the highest level of exposure to
PFOA (OR (95% Cl); 1.8 (1.0, 3.4)). This study also found a weak association between PFOA and brain
cancer at moderate levels of exposure (OR (95% Cl); 1.8 (1.1, 3.2)), but not at high (OR (95% Cl); 0.6
(0.2, 1.6)) or very high (OR (95% Cl); unable to be estimated) levels of exposure. Steenland & Woskie
[2012] found an association between higher levels of exposure to PFOA among workers from the
DuPont Chemical plant and mesothelioma mortality (SMR without lag analysis (Q4-Q1) (95% Ci); 6.27
(2.04, 14.63)), although the authors concluded that there may have been confounding by job type and
duration of employment giving rise to higher exposure to asbestos in certain occupations.”

Differing conclusions

Chang et al. (2014) come to a differing conclusion to IARC and US EPA. In looking at the specific
studies reviewed by IARC and Chang et al., there are 11 studies that were reviewed by both. Chang
reviewed two studies (Ubel et al. 1980 and Yeung et al. 2013) that IARC did not include. |ARC, on the
other hand, reviewed two papers by Shin et al. (both 2011), and papers by Woskie et al. (2012), and
Raleigh et al. (2014).

6.1.4. Summary of key national and international reports and systematic reviews
Recent key national and international reports:

® ATSDR concluded that the occupational mortality studies found no overall excess in cancer
but inconsistent increases in bladder and prostate cancer deaths, most of which were not
statistically significant. For the studies of cancer in communities with PFAS contamination,
overall cancer was not elevated, while there was very limited evidence of an increase in
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testicular cancer, based on very few cases. General population studies found no evidence
of increase in any type of cancer. The ATSDR concluded that a causal relationship between
fluoroalkyls and cancer cannot be established from the few studies reporting significant
increases in specific types of cancer risk and lack of consistency across facilities where
workers were occupationally exposed may be suggestive of a causative agent other than
PFOS or PFOA.

® The US EPA concluded there is “suggestive evidence of carcinogenic potential” for PFOA
(kidney and testis). The EPA found the evidence was less convincing for PFOS, based on
findings for bladder and prostate cancers, but EPA concluded that there were important
limitations in the methodology, which precluded any firm conclusions.

# IARC classified PFOA as “possibly carcinogenic to humans (Group 2B)", based on limited
evidence of associations with kidney cancer in occupational and high exposed community
studies, testicular cancer in high-exposure community studies and limited evidence from
animal studies. For the kidney findings, chance, bias and confounding could not be ruled
out. IARC concluded there was inadequate evidence for carcinogenicity of PFOA for all
other cancer sites considered. IARC did not evaluate any studies relating to PFOS exposure

and cancer.

@ RIVM noted that some studies have found associations between PFOA and testis and
kidney cancer, but the evidence is 'less clear’.

# FSANZ concluded that epidemiological studies have not provided convincing evidence of a

correlation between PFOS and PFHxS and any type of cancer in humans, and for PFOA, a
causal relationship cannot be established with reasonable confidence.

Systematic reviews:

® Chang et al. concluded that while there were some associations between cancers of the
prostate, kidney, testis, and thyroid and PFOA and PFOS exposure, the epidemiological
evidence does not support the hypothesis of a causal association between PFOA or PFOS
exposure and cancer in humans. Chang et al. considered that for the few associations
found, chance, bias and confounding could not be ruled out. They also applied the
Bradford Hill causal criteria in coming to their conclusions and noted that findings in
community studies which were not found in occupational studies were not credible, due to
the much lower exposure levels in community populations. Chang et al. also considered
that the mechanism by which tumours are induced in rodents by PFOS and PFOA may not
be relevant to humans.

# Priestly specifically addressed the small number of community studies of breast cancer and
thyroid cancer and found no convincing evidence of any associations with PFOA.
® Kirk et al. conducted a quality review and reported that most cancer studies were at high

risk of bias, including limitations in the exposure assessment. They reported on nine cancer
sites and concluded that, while overall cancer was not elevated in thee occupational or
general population groups, there was limited evidence of an association between PFOA
exposure and two of the nine specific types of cancer: kidney cancer and testicular cancer.
While these two associations were based on relatively weak evidence from studies with
methodological limitations, Kirk et al. noted their conclusion is broadly consistent with the
IARC evaluation of PFOA as being 'possibly carcinogenic to humans’. For the other seven
cancers types Kirk et al. reviewed, they concluded there was inadequate evidence of an
association between PFAS and other cancers studied.
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6.1.5. Expert Health Panel synthesis to support advice to the Minister

w There are small numbers of studies on PFAS and cancer in manufacturing workers and
communities in contaminated areas, small numbers of cancers in many studies, low
methodological quality and high risk of bias with many studies, lack of consideration of
important confounders, multiple comparisons and a lack of consistency in findings
between studies.

® The occupational studies relate to manufacturing workers, not end users such as
firefighters who are the major group at risk of occupational exposure in Australia.
w The suggestive evidence, although still limited, relates to two types of cancer — kidney and

testicular — both uncommon tumours. Very limited evidence relates to bladder and
prostate cancer and there is no suggestive or convincing evidence for any other types of

cancer.
® The limited amount of evidence which is available relates to PFOA and not PFOS.
® Findings in animal studies about tumour induction in rodents by PFOS and PFOA may not

be relevant to humans.

6.2.6. Expert Health Panel advice to the Minister

In considering the evidence, the Panel has the following advice to the Minister regarding exposure to
PFAS and cancers:

® The evidence does not support PFAS being a major contributor to cancer burden in
workers or exposed community populations.
w The evidence on cancer risk is limited, but it is possible there is increased risk of some

uncommon cancers, such as kidney and testis.

® The limited evidence relates to PFOA, not PFOS.

® Given the high concern about cancer-risk among both occupational groups such as
firefighters and those members of the community in contaminated areas during the
consultation, and the limitations of the available evidence, future research into canceris a
priority (see below). Better designed cohort studies in exposed workers such as
firefighters, and communities in contaminated areas, especially with improved exposure
assessment, could lead to stronger conclusions.

To further investigate the association between PFAS exposure and cancer in an Australian setting,
the Panel suggests the following research priorities:

# Large collaborative cohort studies are required to examine cancer associations in exposed
Australian workers and community populations in exposed areas. Further studies into the
relatively uncommon cancers - kidney and testes — are most indicated, based on the
limited evidence in previous studies. Studies need to be adequately powered, ideally
supported by some quantitative exposure data (e.g. blood concentrations), covering the
majority of exposed populations, access to complete cancer registry and death
notifications from the region and access to data on possible confounders.

# There is also a priority for future research into cancer to investigate PFOS, rather than
PFOA, because PFOS is the most highly detected PFAS in Australia, and the best previous
research focussed on PFOA.

® Previous studies have often been at high risk of bias due to low cohort numbers, very
limited exposure data, unadjusted multiple comparisons, lack of data on confounders or
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effect modifiers (e.g. smoking) and selection, recall and survivor biases. Further studies
subject to these same biases are unlikely to add useful evidence.

Most previous studies have been cancer mortality studies, but Australia has the advantage
of complete and high quality national cancer registration data and the ability to link
cohorts to determine cancer incidence rates, which is a better measure of cancer
occurrence than cancer mortality. Occupational or population cohort studies undertaking
such cancer linkage are a priority.

Research in specific occupational groups (e.g. firefighters) will also have to deal with
confounding by the many other potentially carcinogenic chemicals that these groups are
exposed to. This is also the case with general population cohort studies, where account
needs to be taken of work exposures for cohort members. This can be more challenging in
population cohort studies, due to the greater diversity of jobs undertaken and relevant
exposures in those jobs.
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6.2. Metabolic biomarkers: Concentrations of cholesterol and triglycerides
in the blood

The World Health Organization states that: “Raised total cholesterol is a major cause of disease
burden in both the developed and developing world as a risk factor for Ischemic heart disease and
stroke”™. In reality, cholesterol is not a single substance being measured, but a sum of key
components of several families of lipoproteins. Thus, many studies focus on different lipoprotein
fractions (e.g. LDL, VLDL, or HDL). A doubling or halving of cardiovascular risk might be roughly
expected for every 20-30% change in total cholesterol or LDL cholesterol. Diet and medication have
large effects on LDL cholesterol of this magnitude or greater. There is no threshold for LDL or total
cholesterol above which there is a disproportionate change in risk. Thus, the references in studies to
examining changes in the number of people with ‘high risk’ cholesterol can be seen to refer to
several different cholesterol levels. Differences in the mean cholesterol are more reliably
interpreted.

All of the key (inter)national authority reports and several of the systematic reviews evaluated the
human evidence regarding exposure to PFAS and cholesterol and triglycerides in the blood.

6,.2.5.  What evidence dicd the Panel consider?

The Panel considered the findings and conclusions of the following six international
authority/intergovernmental/governmental reports published between 2015 and 2017 and four
systematic reviews and literature reviews from 2013 to 2018 that reported on exposure to PFAS and
any associations with blood cholesterol and lipid concentrations.

Key national and international reports

# Agency for Toxic Substances and Disease Registry (ATSDR, 2015). Draft Toxicological
Profile for Perfluoroalkyls;

U New Jersey Drinking Water Quality Institute (DWQI, Public Review draft 2016). Health-
based maximum contaminant level support document: Perfluorooctanoic Acid (PFOA);

® United States Environmental Protection Agency (US EPA, 2016a). Health effects
support document for Perfluorooctanoic Acid (PFOA);

® United States Environmental Protection Agency (US EPA, 2016b). Health effects
support document for Perfluorooctane Sulphonate (PFOS);

w Dutch National Institute for Public Health and the Environment (RIVM, 2017). PFOA
exposure and health: A review of scientific literature;

® Food Standards Australia New Zealand (FSANZ, 2017). Hazard Assessment report
(PFOS, PFOA, PFHXS).

The National Toxicology Programme (NTP) Monograph on PFOA and PFOS was not considered by
the Panel for this section as the Monograph did not report on cholesterol and triglycerides.

Systematic reviews

® Saikat et al. (2023). The impact of PFOS on health in the general population: a review;

w Priestly (2016). Literature review and report on the potential health effects of
perfluoroalkyl compounds, mainly perfluorooctane sulphonate (PFOS) (Monash
University);

> http:ffwww.who.int/gho/ncd/risk_factors/cholesterol_text/en/
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® Rappazzo et al. (2017). Exposure to perfluorinated alkyl substances and health outcomes
in children: a systematic review of the epidemiologic literature;

® Kirk et al. (2018). The PFAS Health Study. Systematic Literature Review (Australian
National University).

This section contains a range of terminology used in the various systematic reviews and key national
and international reports when reporting on cholesterol and triglycerides in the blood. The
statements have been reproduced verbatim to maintain the integrity of the reported information.

6.2.2. Key national and international reports

Agency for Toxic Substances and Disease Registry (ATSDR, zo15)

The ATSDR in its draft toxicological profile for perfluoroalkyls considered the human evidence on
cholesterol in the *Summary of health effects,’ Inhalation exposure - systemic effects’ and ‘oral
exposure - systemic effects’ sections.

Studies reviewed

The ATSDR reviewed 1g studies on the effect on cholesterol after exposure to PFAS. These studies
included:

@ 10 occupational exposure studies (Costa 2004; Costa et al. 2009; Olsen et al. 1999; Olsen et
al. 2000; Olsen and Zobel 2007; Sakr et al. 2007a; and Sakr et al. 2007b; Mundt et al. 2007;
Olsen et al. 20033; and Olsen et al. 2012);

® Five studies in high-exposure communities (Emmett et al. 2006; Wang et al. 2012; Frisbee
et al. 2010; Fitz-Simon et al. 2013; Steenland et al. 2009);
w Four studies in the general population (Chateau-Degat et al. 2010; Eriksen et al. 2013;

Fisher et al. 2013; Nelson et al. 2010).
The ATSDR did not report any human studies for dermal exposure and cholesterol.
Considerations and conclusions

The ATSDR stated in the 'Public Health Statement for Perfluoroalkyls — How perfluoroalkyls can
affect your health?’ section: “Most human studies have looked for a relationship between levels of
perfluoroalkyls in the blood and a health effect. it is difficult to interpret the results of these studies
because they are not consistent; some studies have found associations, but others looking at the same
health effect have not found these associations. Even though some studies have found significant
associations between serum perfluoroalkyl levels and adverse health effects, it does not mean that
perfluoroalkyls caused these effects. The effects may have been due to other factors that were not
considered by the researchers. The available studies suggest that increases in blood cholesterol levels
are associated with higher PFOA or PFOS blood levels in workers inhaling PFOA and/or PFOS as well as
in people ingesting these compounds.”

In the ‘Relevance to public health - summary of health effects in humans’ section, the ATSDR stated:
“Epidemiology studies have found statistically significant associations between serum perfluoroalky!
levels (particularly PFOA and PFOS) and a wide range of health effects. When the subjects were
categorized by serum perfluoroalky! levels, dose-response relationships were found for most of the
effects. However, findings were not always consistent across studies. However, consistent findings
were found for association of serum PFOA and PFOS with increases in serum lipid levels.”
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Also in this section, the ATSDR reported: “Studies of workers, highly exposed individuals, and the
general population have reported significant associations between serum perfluoroalky! levels and
serum lipid levels. However, because a number of factors can influence serum lipid levels, many of the
studies adjusted for some of these potential confounders such as age, body mass index (BMI), and the
use of cholesterol-lowering medication. The most consistently found alteration in serum lipid levels was
increased serum total cholesterol levels. Statistically significant associations between serum PFOA
levels and total cholesterol levels have been found in workers, residents of communities with high levels
of PFOA in the drinking water, and the general population. Serum PFOS levels were also significantly
associated with serum total cholesterol levels in workers, residents exposed to high levels of PFOA, and
the general population. However, some studies of workers, highly-exposed residents, or the general
population have not found associations between perfluoroalkyl exposure and total cholesterol levels.
Studies in which the subjects were distributed into groups based on serum perfluoroalkyl levels typically
found that subjects with the highest serum PFOA or PFOS levels had significantly higher total
cholesterol levels than subjects with lowest serum PFOA or PFOS levels. A study of children and
adolescents living in an area with high PFOA contamination also found an increased risk of high
cholesterol levels (z170 mg/dL). Similarly, an increased odds of high cholesterol (z240 mg/dL) was
observed in highly exposed adults with high serum PFOA and PFOS levels. Evidence of associations
between serum perfluoroalky! levels and other serum lipids is not as strong. Although increases in serum
low-density lipoprotein (LDL)-cholesterol and triglyceride levels have been found in studies of workers
and highly exposed individuals, a number of other studies have not found significant alterations. The
relationship between perfluoroalkyl exposure and increases in serum lipid levels from longitudinal
studies conducted in workers and highly exposed residents provide some evidence of an association.
Serum PFOA levels were found to be a significant predictor of serum cholesterol levels in workers
examined at least twice in a z5-year period. Similarly, a study of highly-exposed residents examined
twice with approximately 4 years between examinations found that there were 3.6 and 1.7% decreases
in serum LDL-cholesterol and total cholesterol levels, respectively, in subjects whose serum PFOS levels
decreased by 50% between examinations. A 50% decrease in serum PFOS levels was associated with
5.0 and 3.2% decreases in LDL-cholesterol and total cholesterol. In addition, a greater change in
cholesterol level per unit change in serum PFOA level was found at lower ranges of PFOA.”

In the ‘Minimal risk levels’ subsection of the ‘Relevance to public health’ section, the ATSDR stated
the following about PFOS/PFOA and serum cholesterol: “The epidemiology studies lack
environmental monitoring data; however, most studies used serum perfluoroalkyl levels as a biomarker
of exposure. A wide range of effects have been statistically associated with serum perfluoroalkyl levels;
however, there is a lack of consistency of the findings across studies and across types of studies. Based
on the weight of evidence, there is support for identifying several health effects in humans that appear
to be related to perfluoroalkyl exposure: increases in serum lipid levels.”

The ATSDR continued: “t could be proposed that serum perfluoroalkyl levels associated with increased
risks of high serum cholesterol levels or hyperuricemia be used as the basis for developing an MRL. Of
the two end points, the increased risk of high cholesterol is the stronger given the well-established
association between serum cholesterol levels and the risk of heart disease. However, there are a number
of factors that should be considered. Although 11 studies found significant associations between serum
perfluoroalky! levels and serum cholesterol levels, several studies of workers (Olsen and Zobel zo007;
Olsen et al. 2000), highly exposed residents (Emmett et al. 2006a; Wang et al. 2012), and the general
population (Fisher et al. 2013) have not found statistically significant associations. The epidemiology
database lacks studies in which actual exposure concentration or doses were measured; however, most
studies provided serum perfluoroalkyl levels, which is a biomarker of exposure. Exposures likely occurred
via multiple routes of exposure. It is assumed that workers were primarily exposed via inhalation;
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however, oral exposure may have also contributed to the total perfluoroalky! body burden. Similarly, it
has been determined that drinking water was the primary source of perfluoroalkyls in residents living
near a PFOA facility; it is likely that they were also exposed to airborne perfluoroalkyls. However, a
study of residents living near industrial facilities where PFOA is used found little difference in serum
PFOA levels between residents with minimal expected exposure to airborne PFOA (mean serum PFOA
level of 418 ng/mL) and those with higher than expected exposure to airborne PFOA (mean serum PFOA
level of 418 ng/mL) (Emmett et al. 2006a). It should also be noted that most, if not all, subjects were
exposed to a number of perfluoroalkyl compounds. Studies of highly exposed residents and the general
population have often reported significant associations for both PFOA and PFOS, and the possible
interaction of the various perfluoroalkyl compounds with the health end point of concern is not known.
Lastly, the mechanisms of toxicity of the observed health effects have not been established and these
effects have not been reported in laboratory animals. Serum cholesterol and other lipid levels are also
affected by PFOA and PFOS exposure in rats and mice; however, in rodents, exposure to perfluoroalkyls
resulted in significant decreases in serum lipid levels. These uncertainties preclude the use of currently
available epidemiology studies as the basis for developing an MRL for PFOA or PFOS.”

Summaries of studies reviewed
Occupational exposure studies- inhalation exposure
The ATSDR reported on 10 studies in the ‘inhalation exposure - systemic/hepatic effects’ section.

Of the study by Costa (2004), the ATSDR reported: “A small study of 35 workers at a manufacturing
facility in Italy found higher total cholesterol and nonhigh-density lipoprotein (HDL)-cholesterol levels in
the PFOA-exposed workers, as compared to levels in 94 workers who were not exposed to PFOA (Costa
2004)."

Costa et al. (2009) completed a second study at the same Italian facility. The ATSDR reported: “A
second study at this facility also found significantly higher total cholesterol levels in 34 currently
employed workers (mean serum PFOA level of 12,930 ng/mL), as compared to unexposed workers
(Costa et al. z009). No significant differences in HDL-cholesterol or triglyceride levels were found
between the exposed and unexposed workers.”

The ATSDR reported on a study by Olsen et al. (1999): “Two studies measuring serum PFOS levels
found a positive association with total cholesterol (Olsen et al. 1999, 2003a).”

The ATSDR reviewed a study by Olsen et al. (2000), and reported that: “Workers at a PFOA
production facility were examined in 1993 (111 subjects), 1995 (8o subjects), and 1997 (74 subjects)
(Olsen et al. 2000). Only 17 subjects were examined at all 3 time periods; 21 subjects were examined in
1995 and 1997 and 68 subjects were examined in 1993 and 1995. The study did not adjust for the use of
cholesterol-lowering medication. When workers were categorized by blood PFOA levels (0—<1,000,
1,000-<10,000, and >10,000 ng/mL), no significant differences in serum cholesterol, HDL-cholestero|,
LDL-cholesterol, or triglyceride levels were found at any of the monitoring periods.”

Of the study by Olsen and Zobel (2007), the ATSDR reported: “A study of 506 male workers at 3M
facilities in Cottage Grove, Minnesota, Decatur, Alabama, and Antwerp, Belgium (mean serum PFOA
level of 2,210 ng/mL) not taking cholesterol-lowering medications did not find associations between
serum PFOA levels and total cholesterol or low-density lipoprotein (LDL) cholesterol levels; however,
serum PFOA levels were positively associated with triglyceride levels and there was an increased risk of
having high triglyceride levels (z150 mg/dL) in workers with serum PFOA levels in the three highest
deciles (odds ratios [ORs] of 2.7 [95% Cl 1.2-6.5], 2.4 [95% Cl 1.0-5.9], and 2.4 [95% Cl 1.0-5.8],
respectively) (Olsen and Zobel 2007). Additionally, there was a negative association between serum
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PFOA levels and HDL-cholesterol levels and an increased risk of low HDL cholesterol levels (<40 mg/dL)
in workers with the highest serum PFOA levels (OR 2.6, 95% Cl 1.0-6.8)."

Of the study by Sakr et al. (2007a), the ATSDR reported: “Sakr et al. (2007a) used medical records for
454 male and female current and former workers (74% male) at the DuPont Washington Works facility
(mean serum PFOA level of 1,130 ng/mL) and found a positive association between serum PFOA and
total cholesterol levels; no associations with triglycerides, LDL-cholesterol, or HDL-cholesterol were
found.”

Sakr et al. (2007b) completed a larger-scale study at the same facility. The ATSDR reviewed the
study: “A larger-scale study of this facility (1,025 current workers, 76% males) (mean serum PFOA level
428 ng/mL) found significant associations between serum PFOA levels and total cholesterol, LDL-
cholesterol, and very-low-density lipoprotein (VLDL) cholesterol levels in all subjects and in a subset of
subjects not taking cholesterol-lowering medication (Sakr et al. The study did not find any association
between serum PFOA and HDL-cholesterol or triglyceride levels.”

Of the studies by Olsen et al. (1999), and Olsen et al. (2003a), the ATSDR reported: “Workers at 3M
facilities in Decauter, Alabama and Antwerp, Belgium were examined in 1995 and 1997 (178 male
workers) (Olsen et al. 1999) and in 1995, 1997, and 2000 (421 male and 97 female workers) (Olsen et al.
2003a); neither study notes whether workers taking cholesterol-lowering medication were excluded. in
workers with serum PFOS levels between 3,000 and 6,000 ng/mL, total cholesterol and LDL cholesterol
levels were significantly higher compared to workers with serum PFOS levels < 1,000 ng/mL (Olsen et
al. 1999), but this was only found in workers examined in 1997. The latter study (Olsen et al. 2003a)
found positive associations between serum PFOS levels and total cholesterol and triglycerides among
male workers. The triglyceride levels of men with PFOS levels in the fourth quartile (mean PFOS level of
2,690 ng/mL) were significantly higher than men with PFOS in the first quartile (mean PFOS of 270
ng/mL). No differences in total cholesterol or HDL-cholesterol levels were seen across PFOS quartiles.

Longitudinal analysis was conducted using data for 174 workers with medical surveillance data in 2000
and 1997 and/or 1995 (Olsen et al. 2003a). No significant differences in serum PFOS levels were
observed across the three time periods and serum PFOS level was not a significant predictor of
cholesterol or triglyceride levels. In contrast, there were significant differences in serum PFOA levels
between 1997 and 2000; serum PFOA levels were increased in 69 workers with only 1997 and 2000 data
and decreased in 41 workers with 1995, 1997, and 2000 data. Serum PFOA was a significant predictor
of cholesterol and triglyceride levels, which was primarily due to 21 workers at the Antwerp facility
(mean serum level 8,400 ng/mL) whose serum PFOA levels increased and serum PFOS levels decreased
overtime.”

Olsen et al. (2012) examined 179 workers. The ATSDR reviewed the study and stated: “Olsen et al.
(2012) examined 179 workers (none of the subjects reported using cholesterol-lowering medication)
involved in the demolition of 3M perfluoroalkyl manufacturing facilities; serum PFOA and lipid levels
were measured prior to the demolition and after demolition (mean time interval of 164 days). The mean
baseline serum PFOA levels were 881 ng/mL in 14 3M workers with prior PFOA or PFOS exposure and
28.9 ng/mL in the remaining 165 workers. A decline in serum PFOA and PFOS levels were observed
among the 3M workers. Among the workers with increased serum PFOA/PFOS levels (mean increase
50.9 ng/mL), there was a significant increase in HDL-cholesterol levels, but no change in total
cholesterol or non HDL-cholesterol levels. No significant alterations in serum lipid levels were observed
in the workers with decreased serum PFOA/PFOS levels. In workers whose baseline levels of PFOA and
PFOS were <15 and <50 ng/mL, respectively, there were no significant differences between pre- and
post-exposure serum lipid levels.”
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The ATSDR reported about the Mundt et al. (2007) study: “Mundt et al. (2007) measured serum lipid
levels in 592 workers at a polymer production facility using PFNA; blood samples were collected in 1976,
1989, 1995, 1998, and 2001. Significantly higher total cholesterol levels were observed in workers with
high potential exposure to PFNA (based on job titles), as compared to the low exposure group, in 1976
and 1989; no differences were observed at other time points and no differences were found between the
high-exposure and no-exposure groups. No significant alterations were observed for serum triglyceride,
HDL-cholesterol, LDL-cholesterol, or VLDL cholesterol at any of the time points. Longitudinal analysis
did not find significant differences in serum lipid levels over time.”

ATSDR conclusion about occupational studies

The ATSDR provided the following summary and conclusion about the studies they reviewed on
occupational exposure to PFAS and serum cholesterol in occupationally exposed workers: “Seven
occupational studies examined the possible associations between serum PFOA levels and serum lipid
levels. Five of the studies found positive associations between serum PFOA and total cholesterol levels
(Costa 2004; Costa et al. 2009; Olsen et al. 2003a; Sakr et al. 2007a, 2007b); however, studies by Olsen
et al. (2000) and Olsen and Zobel (2007) did not find statistically significant associations. Two studies
measuring serum PFOS levels found a positive association with total cholesterol (Olsen et al. 1999,
2003a). In general, significant association were not found between serum PFOA levels and LDL-
cholesterol (Olsen and Zobel 2007; Olsen et al. 2000; Sakr et al. 2007a) or triglycerides (Costa et al.
2009; Olsen et al. 2000; Sakr et al. zo07a, 2007b), although some studies did report a positive
association with LDL-cholesterol (Sakr et al. 2007a) and triglycerides (Olsen and Zobel 2007; Olsen et
al. 2003a). With the exception of one study that reported a negative association (Olsen and Zobel
2007), no association was found between HDL-cholesterol and serum PFOA levels (Costa et al. 2009;
Olsen et al. 2000, 2003a; Sakr et al. 2007a, 2007b). One limitation of cross-sectional studies is that they
do not establish causality. Longitudinal assessments provide additional insight since they can examine
serum lipid levels in response to changes in serum PFOA or PFOS. Olsen et al. (2012) did not find any
changes in total cholesterol in works with increasing or decreasing serum PFOA levels; the mean
interval between measurements was approximately 5 months. in contrast, Olsen et al. (2003a) found
that serum PFOA was a significant predictor of cholesterol and triglyceride levels in workers whose
serum PFOA levels increased over a 3-5-year period. Serum PFOS levels did not predict serum lipid
levels.”

Poputations living near manufacturing facilities and the general population

The ATSDR reported on nine studies in the ‘Oral exposure - systemic effects’ section.
High-exposure community studies

Of the study by Emmett et al. (2006), the ATSDR reported the following:

“A study of 328 adults and 43 children living in a community serviced by the Little Hocking Water
Authority with a median serum PFOA level of 354 ng/mL did not find a significant association between
serum PFOA levels and total cholesterol levels.”

Of the study by Wang et al. (2012), the ATSDR stated: “Similarly, Wang et al. (2012) found no
associations between serum PFOA levels and total cholesterol, HDL-cholesterol, LDL-cholesterol, or
triglycerides in a study of 132 adults living near a PFOA manufacturing facility in China; the mean serum
PFOA level was 378.30 ng/mL.”

The ATSDR also noted that neither Emmett et al. (2006) nor Wang et al. (2012) “included an
adjustment for the use of cholesterol-lowering medication”.
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The ATSDR noted that three larger-scale studies of participants in the C8 Science Panel studies
found significant associations between serum PFOA and PFOS levels and serum lipid levels (Fitz-
Simon et al. 2013; Frisbee et al. 2010; Steenland et al. 2004).

Of the study by Frisbee et al. (2010), the ATSDR reported the following: “Positive associations
between serum PFOA and PFOS levels and total cholesterol and LDL-cholesterol were found in a study
of over 12,000 children and adolescents; the respective mean serum PFOA and PFOS levels were 32.6
and 20.7 ng/mL in children (aged 1.0~ 11.9 years) and 26.3 and 19.3 ng/mL in adolescents (12.0-17.9
years) (Frisbee et al. 2010). Serum PFOA was also positively associated with triglyceride levels and
serum PFOS was positively associated with HDL-cholesterol. Additionally, there was an increased risk
of high cholesterol (z170 mg/dL) in subjects with serum PFOA levels in the fourth or fifth quintiles; ORs
of 1.2 (95% Cl 1.1~1.4) and 1.2 (95% Cl 1.1-1.4), respectively, and with serum PFOS levels in the second
through fifth quintiles (ORs of 1.3 [95% Cl 1.1-1.4], 1.3 [95% Cl 1.2-1.5], 1.3 [95% Cl/ 1.2-1.6], and 1.6
[95%Cl 1.4~1.9], respectively). Increased odds of high LDL-cholesterol (2110 mg/dL) were also observed
for the fifth PFOA quintile (OR 1.4, 95% Cl 1.2-1.7) and fourth and fifth PFOS quintiles (ORs of 1.3 (95%
Cl 1.1-1.6) and 1.6 (95% Cl 1.3-1.9). The investigators noted that the dose-response relationship
between serum PFOA and serum lipids was nonlinear, with greater increases in lipids observed at the
lower serum PFOA levels.”

Of the longitudinal study by Fitz-Simon et al. (2013), the ATSDR reported: “560 adults participating
in the C8 Health Project and not taking cholesterol-lowering medication were examined twice, with an
average of 4.4 years between examinations. Mean serum PFOA levels were 74.8 ng/mL at the first
examination and 30.8 ng/mL at the second examination and serum PFOS levels were 18.5 and 8.2
ng/mL in the first and second examinations, respectively. In subjects whose serum PFOA levels halved
between examinations, there was a 3.6% decrease in LDL-cholesterol levels and 1.7% decrease in total
cholesterol levels. However, there were very small changes in LDL-cholesterol and total cholesterol
levels in subjects whose serum PFOA levels decreased by >64% and there were slight increases in LDL-
cholesterol and total cholesterol levels in subjects whose serum PFOA levels fell by <50%. For PFOS,
halving the serum levels resulted in a 5.0% decrease in LDL-cholesterol and a 3.2% decrease in total
cholesterol levels. Changes in PFOA or PFOS levels were not associated with changes in HDL-
cholesterol or triglyceride levels.”

The ATSDR reported on a second large-scale study of participants in the C8 Science Panel by
Steenland et al. (2009): “Similar findings were reported in a study of >46,000 adults with a median
serum PFOA level of 26.6 ng/mL and a median serum PFOS level of 19.6 ng/mL,; the study excluded
subjects who reported taking cholesterol-lowering medication (Steenland et al. 2009). Positive
associations were found between serum PFOA levels and total cholesterol, LDL-cholesterol, and non-
HDL cholesterol; a positive association between serum PFOA and triglycerides was also found. No
significant associations between serum PFOA and PFOS levels and HDL-cholesterol levels were found.
Increased risks of having high cholesterol (z240 mg/dL) were found in subjects with serum PFOA levels
in the second, third, and fourth quartiles (ORs 1.21 [95% Cl 1.12-1.31], 1.33 [95% Cl 1.23-1.43], and
1.38 [95% Cl 1.25-1.50], respectively). Subjects with serum PFOS levels in the second, third, and fourth
quartiles also had elevated risks of high cholesterol (ORs 1.14 [95% Cl 1.05-1.23], 1.28 [95% Cl 1.19~
1.39], 1.51 [95% Cl 1.40- 1.64], respectively). The investigators noted that the odds of high cholesterol
from the first quartile to the fifth quartile were approximately 40% for PFOA and 50% for PFOS, which
may be important given that the Framingham study found that the risk of coronary heart disease was
about 1.8 times higher in subjects with total cholesterol levels >240 mg/dL as compared to subjects with
levels <200 mg/dL. Steenland et al. (2009) also found a significant association between serum PFOA
levels and total cholesterol levels in a study of 10,746 adults taking cholesterol-lowering medication; no
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consistent findings were identified for PFOS. Using both groups of subjects (taking or not taking
cholesterol-lowering medication), the investigators analyzed whether taking cholesterol medication
was associated with lower serum PFOA or PFOS levels, which may be indicative of reverse causality.
Although serum PFOA levels were significantly lower in subjects taking cholesterol-lowering
medication, the difference between the groups was low (4%); no differences in serum PFOS levels were
found between the two groups.”

General population studies

Of the study by Nelson et al. (z010), the ATSDR reported: “Using NHANES data for 860 adults not
taking cholesterol-lowering medication (mean serum PFOA level of 4.6 ng/mL), there was a significant
positive association between serum PFOA levels and non-HDL-cholesterol levels across PFOA quartiles;
total cholesterol levels also increased with serum PFOA levels, but were not statistically associated
(Nelson et al. 2010). Serum PFOS and PFNA levels (mean levels of 25.3 and 1.3 ng/mL, respectively)
were also positively associated with total cholesterol and non-HDL-cholesterol levels. No associations
were found for HDL-cholesterol or LDL-cholesterol levels with serum PFOA, PFOS, or PFNA levels.
Serum PFHXS levels (mean level of 2.6 ng/mL) were negatively associated with a change in non-HDL-
cholesterol levels across PFHxS quartiles and were not significantly associated with other serum lipid
levels. No significant associations were found between HDL-cholesterol levels and serum PFOA, PFOS,
PFHXS, or PFNA levels.”

The ATSDR reported on the following study by Eriksen et al. (2013): “Positive associations between
serum PFOA and PFOS levels and total cholesterol levels were also found in a study of 753 Danish
adults not taking cholesterol-lowering medication (mean serum PFOA and PFOS levels of 7.1 and 36.1
ng/mL, respectively) (Eriksen et al. 2013).”

Of the study by Fisher et al. (2013), the ATSDR stated: “No significant associations between serum
PFOA or PFOS levels and total cholesterol, LDL-cholesterol, or non-HDL-cholesterol levels were found
in 2,368 Canadian adults not taking cholesterol medication with a geometric mean serum PFOA level of
2.46 ng/mL and a PFOS level of 8.40 ng/mL (Fisher et al. 2013). The study did find positive associations
between serum PFHxS levels (geometric mean level of 2.16 ng/mL) and total cholesterol, LDL-
cholesterol, and non-HDL-cholesterol. Increased odds of having a high cholesterol level were also found
forincreasing PFHXS levels (OR 1.27, 95% Cl 1.11~1.45).”

The ATSDR reported the study by Chateau-Degat et al. (2010) as: “A study of 723 Inuit adults living in
Nunavik, Canada with a high dietary exposure to n-3 polyunsaturated fatty acids found in traditional
food items and not taking cholesterol lowering medication found linear trends for total cholesterol and
HDL-cholesterol levels across serum PFOS quartiles (Chateau-Degat et al. 2010). Regression analysis
showed a significant positive association between serum PFOS and HDL-cholesterol; serum PFOS level
was also significantly associated with triglyceride levels, but only in females.”

Summary and conclusions of ATSDR on high-exposure communities and general population exposure
studies on PFAS exposure and serum cholesteral

The ATSDR reported the following about the studies they reviewed:

“In summary, the available epidemiology data provide strong support for a positive association between
serum PFOA and serum PFOS levels and total cholesterol and non-HDL-cholesterol, particularly LDL -
cholesterol, in populations living near PFOA/PFOS facilities or the general population with mean or
median serum PFOA levels >7 ng/mL and PFOS levels >20 ng/mL (Eriksen et al. zo10; Frisbee et al.
2010; Nelson et al. 2010; Steenland et al. 2009). However, in two studies of highly exposed populations
(mean or median serum PFOA level >350 ng/mL), no association was found between serum PFOA and
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total cholesterol (Emmett et al. 2006b; Wang et al. 2012). It is not known if the conflicting result is to a
nonlinear relationship between serum PFOA and total cholesterol levels, the low statistical power of the
studies (328 and 132 adults), or the lack of adjustment for the use of cholesterol-lowering medication.
Studies of the general population with lower serum PFOA levels (<sng/mL) or PFOS (<8 ng/mL) did not
find significant alterations in serum lipid levels (Fisher et al. 2013; Nelson et al. 2010). Two studies of the
C8 Health Project participants also found increased risk of high cholesterol levels in adults (Steenland et
al. 2zo09) or children and adolescents (Frisbee et al. 2010). The small number of studies examining
possible associations between serum lipid levels and PFHxS (Fisher et al. 2013; Nelson et al. 2020) or
PFNA (Nelson et al. 2010) levels preclude drawing conclusions about possible associations. Inconsistent
results have been found for HDL-cholesterol. A positive association between serum PFOS and HDL-
cholesterol was found in children and adolescents participating in the C8 Health Project studies (mean
serum PFOS level of approximately 20 ng/mL) (Frisbee et al. 2010) and in a Canadian population with a
mean serum PFOS level of 26 ng/mL (Chdateau-Degat et al. 2010), but was not found in adult C8
participants with a mean serum PFOS level of 20 ng/mL (Steenland et al. 2009). No studies have found
associations between serum PFOA and HDL-cholesterol (Frisbee et al. 2010; Nelson et al. 2010;
Steenland et al. 2009).”

United States Environmental Protection Agency (U5 EPA, 20168 and 2016Dh)

In 2016, the US EPA (2016a and 2016b) in their health effects support documents for PFOA and
PFOS reviewed evidence of the link between PFOA/PFOS and cholesterol.

Btudies reviewed

The US EPA (2016a and 2016b) in their health effects support documents for PFOA and PFOS,
reviewed human studies on cholesterol and serum lipids.

PEOA:

Seven occupational exposure studies of PFOA and serum lipids {Costa et al. 2009, Olsen et al. 2000,
Olsen et al. 2003a; Olsen and Zobel 2007, Sakr et al. 2007a, Sakr et al. 2007b, Steenland et al. 2015);

Six high-exposure community studies (Emmett et al. 2006, Fitz-Simon et al. 2013, Winquist and
Steenland, 2014, Steenland et al. 2009; Frisbee et al. 2010; Fletcher et al. 2013);

Five general population epidemiology studies of PFOA and serum lipids (Eriksen et al. 2013, Fisher et
al. 2013, Geiger et al. 20143, Nelson et al. 2010 and Starling et al. 2014b);

RFEOS:

® Three occupational exposure studies of PFOS and serum lipids (Olsen et al. 20014, 2001b,
2003a);

L Four studies on high-exposure communities (Fitz-Simon et al. 2013, Steenland et al. 200g;
Frisbee et al. 2010; Fletcher et al. 2013);

® Six studies on PFOS and serum lipids in the general population (Nelson et al. 2010; Lin et
al. 2009; Chateau-Degat et al. 2010; Eriksen et al. 2013; Starling et al. 2014b; Fisher et al.
2013);

® Five studies of children and adolescents and PFOS and serum lipids (Frisbee et al. 2010,
Geiger et al. 20143, Lin et al. 2009, Maisonet at al. 2015b, and Timmermann et al. 2014);
and

# One study of pregnant women and PFOS and serum lipids (Starling et al. 2014b).
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Findings for the five studies on children were reported in Table 3-1 but not discussed further in the
text under serum lipids.

Multiple studies reviewed by the US EPA were also reviewed by the ATSDR. However, the US EPA
(2016a and 2016b) also included more detail when reporting on many of the studies. In this case, the
additional information has been provided.

Considerations and conclusions

In the ‘Executive Summary’, the US EPA 2016a reported on PFOA: “These epidemiology studies have
generally found positive associations between serum PFOA concentration and total cholesterol (TC) in
the PFOA-exposed workers and the high-exposure community (i.e., increasing lipid level with increasing
PFOA); similar patterns are seen with low-density lipoproteins (LDLs) but not with high-density
lipoproteins (HDLs). These associations were seen in most of the general population studies, but similar
results also were seen with PFOS, and the studies did not always adjust for these correlations.”

In the ‘Summary and conclusions’ from the ‘Human epidemiology studies’ section, the US EPA
(2016a) reported: “Cross-sectional and longitudinal studies in occupational settings (Costa et al. 2009;
Olsen et al. 2000, 2003a; Olsen and Zobel 2007; Sakr et al. 2007a, 2007b; Steenland et al. 2015) and in
the high-exposure community (the C8 Health Project study population) (Fitz-Simon et al. 2013; Frisbee
et al. 2010; Steenland et al. 2009; Winquist and Steenland 2014a) generally observed positive
associations between serum PFOA and TC in adults and children (aged 1—< 18 yrs); most of these effect
estimates were statistically significant. Although exceptions to this pattern are present (e.g., some of
the analyses examining incidence of self-reported high cholesterol based on medication use [Steenland
et al. 2015, Winquist and Steenland 2014a]), the results are relatively consistent and robust. Similar
associations were seen in analyses of LDL, but were not seen with HDL. The range of exposure in
occupational studies is large (with means varying between 400 and > 12000 ng/mL), and the mean
serum levels in the C8 population studies were around 8o ng/mL. Positive associations between serum
PFOA and TC (i.e., increasing lipid level with increasing PFOA) were observed in most of the general
population studies at mean exposure levels of 2-7 ng/mL (Eriksen et al. 2013; Fisher et al. 2013; Geiger
et al. zo14a; Nelson et al. 2010; Starling et al. 2014b). The interpretation of results for these general
population studies is limited, however, by the moderately strong correlations (Spearman r > 0.6) and
similarity in results seen for PFOS and PFOA. Additionally, many of the C8 studies do not appear to
have controlled for the impact of diet on serum lipids.”

The US EPA (2016b) reported, in the ‘Executive Summary’ of the *Health Effects’ support document
for PFOS: “"Numerous epidemiological studies have examined occupational populations at large-scale
PFOS production plants in the United States and a residential population living near a PFOA production
facility in an attempt to determine the relationship between serum PFOS concentration and various
health outcomes. Epidemiology data report associations between PFOS exposure and high cholesterol.
The strongest associations are related to serum lipids with increased total cholesterol and high-density
lipoproteins (HDLS).”

In the ‘Summary and conclusions’ from the Human epidemiology studies’ section, the US EPA
(2016b) stated: “Hypercholesterolemia, which is clinically defined as cholesterol > 240 mg/dL, was
associated with PFOS exposure in a Canadian cohort (Fisher et al. 2013) and in the (8 cohort
(Steenland et al. 2009). Cross-sectional occupational studies demonstrated an association between
PFOS and total cholesterol (Olsen et al. 2001a, 2001b, 2003a). Evidence for associations between other
serum lipids and PFOS is mixed, including HDL cholesterol, LDL, VLDL, and non-HDL cholesterol, as
well as triglycerides. The studies on serum lipids in association with PFOS serum concentrations are
largely cross-sectional in nature and were largely conducted in adults, but some studies exist on children
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and pregnant females. The location of these cohorts varied from the U.S. population including NHANES
volunteers, to the Avon cohort in the UK, to Scandinavian countries. Limitations to these studies include
the frequently high correlation between PFOA and PFOS exposure; not all studies control for PFOA in
study design. Also studied were populations with known elevated exposure to other environmental
chemicals including PFOA in the C8 population and PBDEs and other persistent organic chemicals in the
Inuit population.”

Summuaries of studies reviewed
Occvpational exposure studies, PFOA and serum lipids

The US EPA (2016a) reviewed seven occupational exposure studies that explored the link between
PFOA and serum lipids. These studies came from the ‘Noncancer — Serum lipids and cardiovascular
diseases’ section. There is one study that was not reviewed by the ATSDR (Steenland et al. 2015).

Of the study by Steenland et al. (2015), the US EPA (2016a) reported:

“Steenland et al. (2015) conducted an analysis of the incidence of several conditions, including high
cholesterol (based on prescription medication use) among 3,713 workers at the Washington Works plant
in West Virginia who participated in the C8 Health Project. Yearly serum estimates were modeled from
work history information and job-specific concentrations. Cox proportional hazard models, stratified by
birth year, were used to assess self-reported incidence of high cholesterol in relation to time-varying
cumulative estimated PFOA serum concentration, controlling for gender, race, education, smoking, and
alcohol consumption. No association was seen when analyzed without a lag (HRs by quartile 1.0, 1.11,
1.06, 1.05; trend p = 0.56 for log cumulative exposure), or when using a 10-year lag (HRs by quartile 1.0,
0.93, .01, 0.96; trend p = 0.62).”

The US EPA (2016a) provided additional information on the following studies (compared to the
ATSDR) for Costa et al. (2009), Olsen et al. (2000), Olsen and Zobel (2007), Sakr et al. (2007a), and
Sakr et al. (2007b). This supplementary information is noted below.

For Costa et al. {200g), the US EPA (2016a) reported: “Costa et al. (2009) examined serum lipid data
using 30 years of medical surveillance data from workers of a PFOA production plant in Italy. The
workers (n = 53 males, 20-63 years of age) participated in the medical surveillance program yearly from
1978 to 2007. The length of work exposure was 0.5-32.5 years. In 2007, 37 males were active workers
and 16 males were retired or had transferred to other departments and were no longer being exposed.
Unexposed male workers (n = 107, 12 executives and 95 blue collar workers) from different departments
also participated in the medical surveillance program and served as controls. Beginning in 2000, serum
PFOA was monitored yearly except in 2005. Serum PFOA concentrations in the workers decreased after
plant renovations partially automated the PFOA production process and procedures for the use of
protective devices were instituted in 2002. In 2007, the geometric mean serum PFOA was 4020 and
3760 ng/mL, respectively, in currently exposed and retired workers. Three analyses were conducted: a t-
test comparing 34 exposed workers matched to 34 unexposed workers by age, work seniority, day/shift
work, and living conditions; linear regression with 34 exposed workers and 107 unexposed workers
adjusting for age, work seniority, BMI, smoking, and alcohol consumption; and a repeated measures
analysis with a total of 56 individuals with more than one measure, adjusting for age, work seniority,
BMI, smoking, alcohol consumption, and year of observation. TC and uric acid were significantly
increased (p<o.05) in relation to PFOA exposure in each of these analyses. No correlations were
observed between serum PFOA concentration and Apo-A (HDL-associated) or Apo-B (LDL-associated)
proteins, HDL, or triglycerides in any of the analyses. PFOS was not included in this study.”
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For Olsen et al. (2000), the US EPA (2016a) reported: “Cholesterol, LDL, HDL, and triglycerides were
measured in male workers (n = 111 in 1993, n = 80 in 1995, and n = 74 in 1997). Multivariable regression
analyses, conducted separately by year (cross-sectional), were adjusted for age, BMI, alcohol
consumption, and cigarette use. Employees’ serum PFOA levels were stratified into three categories—
<1000, 1000-<10000, and 210000 ng/mL. The sample size in the highest category ranged from 11 to 15
in the three examination years. There was little variation by exposure category in mean or median TC,
LDL, HDL, or triglycerides across the workers in 1993, 1995, or 1997.”

For the study by Olsen and Zobel (2007), the US EPA (2016a) reported: “Olsen and Zobel (2007)
examined data from the 2000 medical surveillance program at the three 3M plants, which is an
expanded and refined analysis of the data reported in Olsen et al. (2003a). The fluorochemical workers
consisted of males (age 21-67) from the Antwerp, Belgivm (n = 196); Cottage Grove, Minnesota (n =
122); and Decatur, Alabama (n = 188) production facilities who volunteered to participate in the medical
surveillance program and did not take cholesterol-lowering medication. Blood was collected for
fluorochemical concentration determination and serum lipid parameters including cholesterol, LDL,
HDL, and triglycerides. Analysis of variance (ANOVA), analysis of covariance, logistic regression, and
multiple regression models were used to analyze the data with age, BMI, and alcohol consumption as
covariates. Potential associations with PFOS levels were not evaluated because a previous analysis had
shown no association between PFOS and the selected outcomes. Serum PFOA concentrations ranged
from 10 to 92030 ng/mL for the male workers (all sites combined), with a mean serum PFOA
concentration of 2210, 1020, 4630, and 1890 ng/mL for all sites combined, and the Antwerp, Cottage
Grove, and Decatur sites, respectively. Serum PFOA (all sites combined) was not associated with TC or
LDL. A negative association was observed between serum PFOA concentration (all sites combined) and
HDL. Serum triglyceride was positively associated with serum PFOA at all sites combined and
independently at the Antwerp site. Nonadherence to the fasting requirement for blood collection,
especially for night-shift workers, and potential binding of PFOA to albumin and LDL, were identified by
the authors as possible factors that influenced the triglyceride results.”

Of the study by Sakr et al. (2007b), the US EPA (2016a) provided the following details: “The
employees who volunteered to participate in the study (n = 1025, 782 males, 243 females) each had a
physical examination, provided a fasting blood sample, and answered a medical and occupation history
questionnaire in 2004. The association between PFOA and lipid levels was evaluated by ANOVA, y2
test, student’s t-test, and linear regression models. Confounders including age, BMI, gender, alcohol
consumption, and parental heart attack were considered in the models. Mean serum PFOA
concentration in the workers was 428 + 189 ng/mL (interquartile range 0.099-0.381). For those with
current occupational exposure to PFOA, the range was 7.4—9550 ng/mL and for workers with
intermittent occupational exposure, the range was 8.1—2070 ng/mL. The range was 8.6—2590 ng/mL for
workers with past occupational exposure and the 4.6—963 ng/mL for workers with no occupational
exposure. Serum PFOA was positively associated with cholesterol, very low-density lipoprotein (VLDL),
and LDL (p< 0.03) in the participating workers, whether or not they were taking lipid-lowering
medication. No association was observed between serum PFOA and HDL or triglycerides. PFOS was not
included in the study.”

For Sakr et al. (2007a), the US EPA (2016a) reported: “Sakr et al. (z007a) conducted a longitudinal
analysis among the workers at the DuPont Washington Works plant in West Virginia using data from
1979 to 2004... Serum PFOA concentration was measured every 1-2 years in PFOA-exposed workers
and every 3—5 years in non-PFOA-exposed workers on a volunteer basis. This study included 454
workers who had two or more serum PFOA measurements. The study population included 334 males
and 120 females ranging in age from 24 to 66 years who had worked at the plant for at least 1 year
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since 1979. A linear mixed effects regression model was used to analyze the data and accounted for age
(and age-squared), gender, BMI, and decade of hire as potential confounders. Serum PFOA
concentrations ranged from o to 22660 ng/mL, with a mean of 1130 ng/mL over the 23-year monitoring
period in the study population. For employees with two or more PFOA measurements, the mean of the
first and last sample was 1040 ng/mL and 1160 ng/mL, respectively, with an average of 10.8 years
between samples. Serum PFOA concentration was positively associated with TC after age, BMI, gender,
and decade of hire adjustment in the model (Beta = 1.06, 95% Cl 0.24, 1.88) per ppm increase in PFOA.
Information on lipid-lowering medications and alcohol intake by the participants was not available.
PFOS was not included in this study.”

High-exposure community studies, PFOA and serum lipids

The US EPA reviewed six high-exposure community studies (Emmett et al. 2006, Fitz-Simon et al.
2013, Winquist and Steenland 2014, Steenland et al. 200g; Frisbee et al. 2010; Fletcher et al. 2013).

The ATSDR reviewed four of the same studies (Emmett et al. 2006, Fitz-Simon et al. 2013,
Steenland et al. 2009; Frisbee et al. 2010). The US EPA reviewed the studies by Winquist and
Steenland (2014) and Fletcher et al. (2013) which the ATSDR did not review. The ATSDR reviewed
the study by Wang et al. 2012, which the US EPA did not review.

The US EPA noted at the start of the section where they reviewed the high-exposure community
studies: “Several studies examined serum lipids in populations serviced by water districts contaminated
by the Washington Works PFOA production plant in OChio and West Virginia (Table 3-2). Emmett et al.
(2006) is a small study (n = 371) with limited analysis (t-tests comparing PFOA levels in people with
abnormal versus normal TC); the larger studies were conducted as part of the C8 Health Project. This
collection of studies includes analyses of current serum PFOA levels in relation to serum lipids in adults
(Steenland et al. 2009) and children (Frisbee et al. 2010), longitudinal analysis of the change in lipids
seen in relation to a change in serum PFOA (Fitz-Simon et al. 2013), and analyses of the incidence of
hypercholesteremia in relation to modeled exposure (Winquist and Steenland 2014a). With the
exception of one set of analyses within the Winquist and Steenland study (2014a), these data provide
consistent evidence of positive associations between PFOA exposure (measured directly in blood or
modeled based on environmental and drinking water data) and TC.”

Of the study by Winquist and Steenland (2014), that was not reviewed by the ATSDR, the US EPA
(2016a) reported: “More recently, participants in the (8 Health Project were examined for an
association between PFOA levels and incidence of several conditions, including high cholesterol (based
on prescription medication use) (Winquist and Steenland 2014a). The cohort included 28,541
community members and 3,713 workers who had completed study questionnaires during 2008- 2011.
The median serum PFOA level at enrollment in 2005-2006 was 26.1 ng/mL for the combined cohort,
24.2 ng/mL for the community members, and 112.7 ng/mL for the workers. Retrospective serum levels
for the community cohort were estimated from air and water concentrations, residential history, and
water consumption rates. For the workers, yearly serum estimates were modeled from work history
information and job-specific concentrations. Cox proportional hazard models, stratified by birth year,
were used to assess self-reported adult heart disease hazard in relation to time-varying yearly or
cumulative (sum of yearly estimates) estimated PFOA serum concentration, controlling for gender,
race, education, smoking, and alcohol consumption. Using the cumulative exposure metric, the HRs for
hypercholesterolemia for quintiles 2—5 versus quintile 1 were 1.24, 1.17, 1.19, and 1.19 (Ptrend = 0.005).
Using the yearly exposure metric, the HRs for high cholesterol for quintiles 2—5 versus quintile 1 were
1.07, 1.11, 1.05, and 1.20 (Ptrend = 0.001). The strongest association was in males aged 40-59. No
associations were found between PFOA level and hypertension or coronary artery disease incidence.”
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The US EPA reported the following about the study by Fletcher et al. (2013): “A subset of 290
individuals in the C8 Health Project was evaluated for evidence that PFOA exposure can influence the
transcript expression of genes involved in cholesterol metabolism, mobilization, or transport (Fletcher et
al. 2013). RNA was extracted from whole blood samples taken from 144 males and 146 females aged
20-60 years; serum collected at the same time was used to measure PFOA concentration. The
association between candidate gene expression levels and PFOA levels was assessed by multivariable
linear regression with adjustments for confounders. Inverse associations were found between PFOA
levels and expressions of transcripts involved in cholesterol transport (NR1H2, NPC1, and ABCG1; p =
0.002, 0.026, and 0.014, respectively). When genders were analyzed separately, PFOA was negatively
associated with expression of genes involved in cholesterol transport in males (NPC1, ABCG1, PPAR)
and females (NCEH1). Similar associations were found with PFOS."

Additional details of the studies that were reported under the ATSDR section for high-exposure
communities are included below.

The US EPA {2016a) reported for the study by Emmet et al. (2006): “Emmett et al. (2006) is a small
study (n = 371) with limited analysis (t-tests comparing PFOA levels in people with abnormal versus
normal TC)... Emmett et al. (2006) examined the association of serum PFOA concentration with serum
TC in residents of the Little Hocking water district in Ohio. The study population (n = 371, 2->60 years of
age) was a random sample of the population served by LHWA™. The subjects completed questionnaires
(e.g., demographic, occupational, health conditions, and so forth) and provided blood samples. PFOA
concentration was determined by HPLC/MS/MS; no other PFASs were measured. Regression models
were used to analyze the data. The median serum PFOA concentration was 354 ng/mL. No association
was observed between serum PFOA and TC."

Of the study by Fitz-Simon et al. (2013), the US EPA noted: “A cohort of 521 members of the C8
Health Project was evaluated for an association between changes in serum PFOA levels and changes in
serum LDL-cholesterol, HDL-cholesterol, TC, and triglycerides over a 4.4-year period (Fitz-Simon et al.
2013). Linear regression models were fit to the logarithm (base 10) of ratio change in each serum lipid
measurement in relation to the logarithm of ratio change in PFOA. Mean serum PFOA concentration
decreased by approximately one-half between baseline (140 + 209 ng/mL) and follow-up (68 * 144
ng/mL). No corresponding changes in serum lipids were found. However, those individuals with the
greatest declines in serum PFOA had a larger decrease in LDL cholesterol.”

Of the study by Frisbee et al. (2010), the US EPA (2016a) reported: “The mean serum PFOA
concentration was 77.7 ng/mL and 61.8 ng/mL, respectively, for children and adolescents. TC, LDL, and
triglycerides were positively associated (p<o.02) with serum PFOA concentration, adjusting for age,
gender, BMI, exercise, and length of fast. Assessment of the quintile trends showed significant
differences (p<o.02) between the first and fifth quintile for TC and LDL for children and adolescents of
both genders combined and separated. A significant difference (p = 0.04) was observed for fasting
triglycerides in female children only. An increased risk of abnormal TC and LDL were positively
associated with serum PFOA. The ORs were 1.0 first (reference), 1.1 (95% Cl: 1.0~1.3, second), 1.2 (95%
Cl: 1.0~-1.4, third), and 1.2 (95% CI: 1.1-1.4, fourth and fifth) for TC, and 1.0 (reference, first), 1.2 (95%
Cl: 1.0-1.5, second), 1.2 (95% Cl: 1.0-1.4, third and fourth), and 1.4 (95% Cl: 1.2-1.7, fifth) for LDL. An
increased risk of abnormal fasting triglyceride and HDL was not associated with serum PFOA. PFOS
also was positively associated with TC, LDL cholesterol, and HDL cholesterol.”

Of the study by Steenland et al. (2009), the US EPA noted: “No association was observed between
mean level of serum PFOA and HDL cholesterol. PFOS also was positively associated with TC, LDL

*® Little Hocking Water Association, Inc. Lipid outcomes Perfluorooctane
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cholesterol, and triglycerides. The results of the study were consistent with occupational studies that
found a positive association between PFOA exposure and serum lipids.”

General population epidemiclogy studies, PFOA and serum lipids

The US EPA (20163) reviewed the following general population epidemiology studies regarding
PFOA and serum lipids (Eriksen et al. 2013; Fisher et al. 2013; Geiger et al. 2014; Nelson et al. 2010;
Starling et al. 2014b). The studies were found in the ‘Hazard identification — human studies -
noncancer - serum lipids and cardiovascular diseases’ section.

The ATSDR also reviewed the studies by Eriksen et al. (2013), Fisher et al. {2013), and Nelson et al.
(2010). The studies by Geiger et al. (2014) and Starling et al. (2014b) were not reviewed by the
ATSDR.

Additional information about those studies reviewed by the ATSDR along with the two studies
reviewed by the US EPA, but not by the ATSDR is provided below.

Of the study by Starling et al. (2014b), that was not reviewed by the ATSDR, the US EPA (2016a)
reported: "“Starling et al. (2014b) examined the association between PFOA (and six other PFASs) and
serum lipids in pregnant females in the Norwegian Mother and Child Cohort Study. Most of the blood
samples were drawn during weeks 1426 of gestation. Weighted multiple linear regression was used to
estimate the association between PFOA level and each lipid level. Covariates considered included age,
prepregnancy BMI, nulliparous or interpregnancy interval, breastfeeding duration, education, current
smoking, gestation week at blood draw, oily fish consumption, and weight gain during pregnancy. The
median plasma PFOA level was 2.25 ng/mL. No association was observed between PFOA and
triglycerides, TC, or LDLcholesterol. PFOA was positively associated with HDL-cholesterol, although
the Cl was large for the association. With HDL-cholesterol, each interquartile range- (IQR-) unit increase
in InPFOA was associated with an increase of 1.28 mg/dL (95% Cl: -0.15, 2.71). Five of the seven PFASs
studied were positively associated with HDL cholesterol and all seven had elevated HDL associated
with the highest quartile.”

For the study by Geiger et al. (2014) the US EPA reported: “A similar analysis [to Nelson et al. 2010],
using 19992008 NHANES data for 815 adolescents (aged 12—18 years) by Geiger et al. (20140) found
an association between serum PFOA and TC (Beta 4.55, 95% Cl 0.90, 8.20, per In-unit increase in
PFOA) and LDL (Beta 5.75, 95% Cl 2.16, 9.33, per In-unit increase in PFOA).”

Of the study by Nelson et al. (2010), and the US EPA (2016a) reported: “Nelson et al. (2010) examined
the relationship between polyfluoroalkyl chemical serum concentration, including PFOA, and lipid and
weight outcomes in the general population of the United States by analyzing data from the 2003-2004
NHANES. The population (n = 860) included persons aged 20-8o years with no missing covariate
information who were not pregnant, breast-feeding, taking insulin or cholesterol medicine, or
undergoing dialysis. Cholesterol (TC, HDL, LDL) was measured from serum samples. Data for covariates
predicting cholesterol and body weight including age, gender, race/ethnicity, socioeconomic status,
saturated fat intake, exercise, alcohol consumption at = 20 years of age, smoking, and parity were
obtained from the questionnaires. Regression analyses were performed for gender and the age groups
12-19 years, 20-59 years, and 60-80 years. The mean PFOA concentration was 4.6 + 3 ng/mL. A
positive association was found between TC and non-HDL (TC-HDL, ~70~80% TC) cholesterol and serum
PFOA (effect estimate 9.8; 95% Cl, -0.2-19.7). No association was found between serum PFOA
concentration and HDL, or LDL. No association was found between serum PFOA concentration and
body weight. Similar results were found with PFOS."
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For the study by Eriksen et al. (2013), the US EPA (2016a), reported the following information:
“Eriksen et al. (2023) examined the association between plasma PFOA (and PFOS) levels and TC levels
in a middle-aged Danish population. This cross-sectional study included 663 males and 9o females aged
50-65 years who were enrolled in the Danish Diet, Cancer and Health cohort. Generalized linear models
were used to analyze the association between PFOA and TC levels, adjusted for age, gender, education,
BMI, smoking, alcohol consumption, egg intake, animal fat intake, and physical activity. The mean
plasma PFOA level was 7.1 mg/mL. A significant, positive association was found between PFOA (and
PFOS) and TC such that, in the fully adjusted model, a 4.4-mg/dL (95% Cl 0.8, 8.5) higher concentration
of TC was found per interquartile range of plasma PFOA (quartile cut-points were not reported).”

For the study by Fisher et al. (2013), the US EPA (2016a) noted: “Fisher et al. (2013) examined the
association of plasma PFAS levels, including PFOA, with metabolic function and plasma lipid levels.
This population-based sample included 2,700 participants aged 18-74 years (~50% male) in the
Canadian Health Measures Survey. The geometric mean PFOA concentration was 2.5 + 1.8 ng/mL. In
analyses that included sampling weights, no associations were found between PFOA (or PFOS) and TC,
HDL- and LDL-cholesterol, and metabolic syndrome and glucose homeostasis parameters. Covariates
considered included age, gender, marital status, income adequacy, race, education, BMI, physical
activity, smoking, and alcohol consumption.”

LS EPA Summary of afl studies reviewed on PFOA and cholesterol and serum lipids

At the end of the section where the studies were reviewed, the US EPA made the following
summary statement: “The association between PFOA and serum lipids has been examined in several
studies in different populations. Cross-sectional and longitudinal studies in occupational settings (Costa
et al. 2009; Olsen et al. 2000, 2003a; Olsen and Zobel 2007; Sakr et al. 2007a, 2007b; Steenland et al.
2015) and in the high-exposure community (the C8 Health Project study population) (FitzSimon et al.
2013; Frisbee et al. 2010; Steenland et al. 2009; Winquist and Steenland 2014a) generally observed
positive associations between serum PFOA and TC in adults and children (aged 1—< 18 yrs); most of the
effect estimates were statistically significant. Although exceptions to this pattern are present (i.e., some
of the analyses examining incidence of self-reported high cholesterol based on medication use in
Winquist and Steenland [2014a] and in Steenland et al. [2015]), the results are relatively consistent and
robust. Similar associations were seen in analyses of LDL, but were not seen with HDL. The range of
exposure in occupational studies is large (with means varying between 400 and > 12000 ng/mL), and
the mean serum levels in the C8 population studies were around 8o ng/mL. Positive associations
between serum PFOA and TC (i.e., increasing lipid level with increasing PFOA) were observed in most of
the general population studies at mean exposure levels of 2—7 ng/mL (Eriksen et al. 2013; Fisher et al.
2013; Geiger et al. 2014a; Nelson et al. 2010; Starling et al. 2014b). The interpretation of these general
population results is limited, however, by the moderately strong correlations (Spearman r > 0.6) and
similarity in results seen for PFOS and PFOA.”

Decupational exposure studies, PFOS and serum lipids

The US EPA reviewed three occupational exposure studies on PFOS and serum lipids (Olsen et al.
20013, 2001b, 2003a).

The following data can be found in the ‘Human effects - long-term noncancer epidemiological
studies - serum lipids and cardiovascular diseases’ section.

The US EPA noted: “Cross-sectional, as well as a longitudinal analyses of medical surveillance data
from the 3M Decatur, Alabama and Antwerp, Belgium plants were conducted to evaluate possible
associations between PFOS levels and hematology, clinical chemistry, and hormonal parameters (Olsen
et. al 20010, 20016, 20030).”
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The ATSDR also reviewed the study by Olsen et al. (2003a) and a summary can be found in the
above section.

Of Olsen et al. (20013,), the US EPA (2016b) reported: “/n the cross-sectional study, male (n = 215)
and female (n = 48) volunteers working at the Decatur plant and male (n = 206) and female (n = 49)
volunteers working at the Antwerp plant underwent clinical chemistry tests to evaluate hepatic enzyme
activity, renal function, thyroid activity, and cholesterol levels. Data on employees from both plants
appeared to be combined for the regression analyses; however, it was not clear whether females were
included or whether the analyses only included males. The mean PFOS level in all employees from the
Decatur and Antwerp plants was 1400 ng/mL (range: 110— 10060 ng/mL) and 960 ng/mL (range: 40—
6240 ng/mL), respectively. Positive significant associations were reported between serum PFOS and
cholesterol (probability [p] = 0.04) and between serum PFOS and triglycerides (p = 0.01); similar results
were found for PFOA. Age was also significant in both analyses. Alcohol consumed per day was
significant in the cholesterol model, while body mass index (BMI) and cigarettes smoked per day was
significant for triglycerides. PFOS was positively associated with alkaline phosphatase (ALP). Hepatic
enzymes and bilirubin were not associated with PFOA. However, there were many limitations to
combining and comparing the data from the two plants.”

Of the studies by Olsen et al. (2z001b; 2003a), the US EPA reported: “A longitudinal analysis of the
above data was performed to determine whether occupational exposure to fluorochemicals over time
was related to changes in clinical chemistry and lipids (Olsen et al. 2001b, 2003a). The medical
surveillance data from 175 individuals who had participated in two or more medical exams in 1995,
1997, and 2000 were analyzed using multivariable regression. Mean PFOS levels at the beginning and
end of the surveillance period were 2620 ng/mL and 1670 ng/mL, respectively, in Decatur employees
and 1870 ng/mL and 1160 ng/mL, respectively, in Antwerp employees. When male employees from both
plants were combined, no statistically-significant (p < o0.05) associations were observed over time
between PFOS and serum cholesterol or triglycerides. There were no significant associations between
PFOS and changes over time in HDL, ALP, gamma-glutamy! transpeptidase (GGT), aspartate
aminotransferase (AST), or alanine transaminase (ALT) activities, total bilirubin, or direct bilirubin.
PFOA was positively associated with cholesterol and triglycerides in the Antwerp employees.”

High-exposure community studies — PFOS and serum lipids

The US EPA reviewed four studies on the C8 Health Project communities (Steenland et al. 2009;
Frisbee et al. 2010; Fitz-Simon et al. 2013; Fletcher et al. 2013). Additional information on these
studies is provided below. The ATSDR did not review the study by Fletcher et al. (2013).

The US EPA provided the following context about the C8 Health Project studies it reviewed: “The C8
Health Project conducted in 2005-2006 on approximately 69,000 residents in Ohio and West Virginia
evaluated general population exposures to PFOS and other perfluorochemicals. Public drinking water
was contaminated in six water districts surrounding the plant (= 0.05 ng/mL of PFOA). Residents were
eligible to participate in the study if they had consumed water from any of the 6 water districts for at
least one year prior to the study. Blood samples were collected from the participants to determine PFOA
and PFOS serum levels and clinical chemistry was performed. Extensive questionnaires were
administered as well. The levels of PFOA were elevated, however, levels of PFOS in this population
were similar to those reported in the general U.S. population (median 20 ng/mL).”

Of the study by Fletcher et al. (2013), the US EPA provided the following summary: “A subset of 290
individuals in the C8 Health Project was evaluated for evidence that PFOS exposure can influence the
transcript expression of genes involved in cholesterol metabolism, mobilization, or transport (Fletcher et
al. 2013). Ribonucleic acid (RNA) was extracted from whole blood samples taken from 144 males and
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146 females aged 20-60 years; serum collected at the same time was used to measure PFOS
concentration. The association between candidate gene expression levels and PFOS levels was assessed
by multivariable linear regression with adjustments for confounders. A positive association was seen
between PFOS and a transcript involved in cholesterol mobilization (Neutral Cholesterol Ester
Hydrolase 1 [NCEH1]; p = 0.018), and a negative relationship with a transcript involved in cholesterol
transport (Nuclear Receptor Subfamily 1, Group H, Member 3 [NR1H3]; p = 0.044). When sexes were
analyzed separately, PFOS was positively associated with expression of genes involved in cholesterol
mobilization and transport in females (NCEH1 and Peroxisome Proliferator Activated Receptor alpha
[PPARa]; p = 0.003 and 0.039, respectively), but no effects were evident in males. Similar associations
were also found for PFOA.”

The study by Steenland et al. (2009) was reported above under PFOA. For PFOS, the US EPA
reported: “The mean serum PFOS level among participants was 22 ng/mL, with a range of 0.25-75902
ng/mL. Lipid outcomes (total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides) were
examined in relation to PFOS and PFOA serum levels. All lipid outcomes, except for HDL, showed
significant increasing trends with increasing PFOS levels (similar for PFOA). The predicted increase in
cholesterol from lowest to highest PFOS decile was 11—12 mg/deciliter (dL). Logistic regression analyses
indicate statistically-significant incidence of hypercholesterolemia (z 240 mg/dL) with increasing PFOS
serum levels. Cholesterol levels =z 240 mg/dL are characterized as high, and medical intercession is
recommended. The odds ratios (ORs) across quartiles for cholesterol = 240 mg/dL were 1.00, 1.14 (95%
Cl:1.05-1.23), 1.28 (95% Ci: 2.19—1.39) and 1.51 (95% Cl: 1.40-1.64)."

The US EPA made the following comment about this study: “The cross-sectional design of this study,
as well as the lack of cumulative exposure measurements, are limitations in the study design.”

For the study by Frisbee et al. (2010), the US EPA reported the following regarding PFOS: “The mean
level of PFOS was 23 ng/mL. PFOS was significantly associated with increased total cholesterol, HDL-
cholesterol, and LDL- cholesterol in a linear regression analysis after adjustment for covariables. A
statistically-significant increased risk of high total cholesterol [OR 1.6 (1.4—1.9)] and LDL-cholesterol
[OR 1.6 (1.3-1.9)] was also observed between the first and fifth quintiles of PFOS serum levels. No
trends were observed with triglycerides. Total cholesterol, LDL, and triglycerides were also positively
associated with serum PFOA concentration.”

The US EPA commented about this study: “As with the other C8 project data, the authors
acknowledge that the cross-sectional nature of this study limits causal inference.”

For the study by Fitz-Simon et al. (2013), the US EPA reported for PFOS: “Linear regression models
were fit to the logarithm (base 10) of ratio change in each serum lipid measurement in relation to the
logarithm of ratio change in PFOS. Mean serum PFOS concentration decreased by approximately one-
half between baseline (23 = 14 ng/mL) and follow-up (11 + 7 ng/mL). No corresponding changes in serum
lipids were found. However, those individuals with the greatest declines in serum PFOS had a tendency
foraslight decrease in LDL-cholesterol. Similar results were found with PFOA.”

General population studies

The US EPA reviewed six studies on PFOS and serum lipids in the general population (Nelson et al.
2010; Lin et al. 200g; Chateau-Degat et al. 2010; Eriksen et al. 2013; Starling et al. 2014b; Fisher et al.
2013). The ATSDR did not review the studies by Lin et al. (2009) and Starling et al. (2014b).

The US EPA (2016b) also noted the studies by Geiger et al. (2014a), Maisonet et al. (2015b) and
Timmermann et al. (2014) in summary tables but did not provide any further comment in the text.
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Of the study by Lin et al. (2009), the US EPA reported: “Lin et al. (2009) explored associations of
serum lipid levels with NHANES PFOA data from 1999-2000 and 2003-2004. Serum HDL was inversely
associated with serum PFOS concentration OR ((95% Cl): 1.61 (1.15-2.26), p < 0.05). Triglycerides did
not show an association with PFASs.”

For the study by Starling et al. (2014b), the US EPA reported the following summary for this study:
“A cross-sectional study of 891 pregnant females evaluated the association between plasma PFOS
levels and plasma lipids (Starling et al. 2014b). Six other perfluoroalkyl substances were also quantified
and evaluated. The females were a cohort of the Norwegian Mother and Child Cohort Study, and the
majority of blood samples were drawn during weeks 14-26 of gestation. Weighted multiple linear
regression was used to estimate the association between PFOS level and each lipid level. The median
plasma PFOS level was 13 ng/mL. No association was observed between PFOS and triglycerides. PFOS
was positively associated with total cholesterol, HDL-cholesterol, and LDL-cholesterol, although
confidence intervals were broad for all associations. Each In-unit increase in PFOS was associated with
an increase of 8.96 mg/dL (95% Ci: 1.70-16.22) in total cholesterol and for each interquartile range
(IQR)-unit increase in the In-PFOS concentration, total cholesterol increased by 4.25 mg/dL (95% Cl:
0.81-7.69). With HDL-cholesterol, each IQR-unit increase in [n-PFOS was associated with an increase of
2.08 mg/dL (95% Cl: 1.12—-3.04). For LDL-cholesterol, each IQR-unit shift in [n-PFOS was associated
with a change of 3.07 mg/dL LDL (95% CI: -0.03—6.18). Five of the seven PFASs studied were positively
associated with HDL cholesterol, and all seven had elevated HDL associated with the highest quartile.”

The ATSDR reviewed Chéateau-Degat et al. (2010); the US EPA (2016b) also reported: “Effects of
PFOS on plasma lipid levels in the Inuit population of Northern Quebec were examined in a cross-
sectional epidemiology study (Chdateau-Degat et al. 2010). The relationship between consumption of
PFOS-contaminated fish and wild game with blood lipids was assessed in 723 Inuit adults (326 man and
397 females). This traditional diet is also rich in n-3polyunsaturated fatty acids (n-3 PUFAs) which are
known to have hypolipidemic effects; therefore, the n-3 PUFAs were considered as a confounder in the
analyses. Multivariate linear regression modeling was used to evaluate the relationship of PFOS levels
and blood lipids, including total cholesterol (TC), HDL cholesterol, LDL cholesterol, and triacylglycerols.
Plasma levels of HDL cholesterol were positively associated with PFOS levels, even after adjustment for
circulating levels of n-3 PUFAs, but the other blood lipids were not associated with PFOS levels. The
geometric mean level of PFOS in plasma for females and males was 19 ng/mL.”

The ATSDR reviewed Eriksen et al. {2013); the US EPA (2016b) added: “Eriksen et al. (2013) examined
the association between plasma PFOS levels and total cholesterol levels in a middle-aged Danish
population. This cross-sectional study included 663 males and 9o females aged 50-65 years who were
enrolled in the Danish Diet, Cancer and Health cohort. Generalized linear models were used to analyze
the association between PFOS and total cholesterol levels and adjusted regression analyses were
performed. The mean plasma PFOS level was 36.1 ng/mL. A significant, positive association was found
between PFOS (and PFOA) and total cholesterol such that in the fully adjusted model, a 4.6 mg/dL
(95% Cl: 0.8-8.5) higher concentration of total cholesterol was found per interquartile range of plasma
PFOS. The quartiles of PFOS used in the analyses were not defined and no comparison was made for
cholesterol levels between the highest and lowest PFOS quartile.”

The ATSDR reviewed Fisher et al. (2013); the US EPA (2016b) also commented: “Fisher et al. (2013)
examined the association of plasma PFAS levels, including PFOS, with metabolic function and plasma
lipid levels. This cross-sectional study included 2,700 participants, aged 18-74 years (approximately
50% male), in the Canadian Health Measures Survey. Multivariate linear and logistic regression models
were used for analyses of associations between PFOS levels and cholesterol outcomes, metabolic
syndrome, and glucose homeostasis. The geometric mean PFOS concentration was 8.4 + 2 ng/mL. In
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weighted analyses, no association was found between PFOS (or PFOA) and total cholesterol, HDL- and
LDLcholesterol, and metabolic syndrome and glucose homeostasis parameters. Hypercholesterolemia
(cholesterol greater than 240 mg/dL), was associated with PFOS exposure in unadjusted analyses of
this cohort.”

Nelson et al. (2010) was reviewed by the ATSDR; the US EPA (2016b) provided supplementary
information: “Homeostatic model assessment (HOMA) was used to assess insulin resistance (calculated
from fasting insulin and fasting glucose measurements collected in NHANES). BMI and waist
circumference were used to measure body size. Exclusion criteria included current use of cholesterol-
lowering medications, participants over the age of 8o, pregnant/breastfeeding females or insulin use.
After exclusion criteria, approximately 860 participants were included in the analyses. The mean PFOS
serum concentration for participants 20-8o years old was 25 ng/mL (range: 1.4-392 ng/mL). A positive
association was identified between total serum cholesterol and serum PFOS concentrations. When
analyzed by PFOS serum quartiles, adults in the highest PFOS quartile had total cholesterol levels of
13.4 mg/dL (95% Ci: 3.8-23.0), higher than those in the lowest quartile. As expected, non-HDL
cholesterol accounted for most of the total cholesterol. Consistent trends were not observed for HDL or
LDL. Adjusting the cholesterol models for serum albumin produced similar results. Body weight and
insulin resistance were not consistently associated with serum PFOS levels. Similar results were found
for PFOA.”

The study by Frisbee et al. (2010) was reported by the ATSDR; the US EPA (2016b) added: “PFOS
was significantly associated with increased total cholesterol, HDL-cholesterol, and LDL- cholesterolin a
linear regression analysis after adjustment for covariables. A statistically-significant increased risk of
high total cholesterol [OR 1.6 (1.4-1.9)] and LDL-cholesterol [OR 1.6 (1.3-1.9)] was also observed
between the first and fifth quintiles of PFOS serum levels. No trends were observed with triglycerides.
Total cholesterol, LDL, and triglycerides were also positively associated with serum PFOA
concentration. As with the other C8 project data, the authors acknowledge that the cross-sectional
nature of this study limits causal inference.”

US EPA Summary of all studies reviewed on PFOS and cholesterol and serum lipids

At the end of the section on ‘Serum lipids and cardiovascular diseases’, the US EPA noted that:
“Multiple epidemiologic studies have evaluated serum lipid status in association with PFOS
concentration (Table 3-1). These studies provide support for an association between PFOS and small
increases in total cholesterol in the general population at mean serum levels of 22.4— 36.1 ng/mL
(Frisbee et al. 2010; Nelson et al. 2010; Eriksen et al. 2013). Hypercholesterolemia, (clinically defined as
cholesterol greater than 240 mg/dL), was associated with PFOS exposure in a Canadian cohort (Fisher
et al. 2013) and in the (8 cohort (Steenland et al. 2009). Cross-sectional occupational studies
demonstrated an association between PFOS and total cholesterol (Olsen et al. 2001a, 2001b, 2003b).
Evidence for associations between other serum lipids and PFOS is mixed, including HDL cholesterol,
LDL, very low density lipoprotein (VLDL), non-HDL cholesterol, and triglycerides. The studies on serum
lipids in association with PFOS serum concentrations are largely cross-sectional in nature and were
largely conducted in adults, but some studies exist on children and pregnant females. The location of
these cohorts varied from the U.S. population including NHANES volunteers, to the Avon cohort in the
United Kingdom (UK), to Scandinavian countries. Limitations to these studies include the frequently
high correlation between PFOA and PFOS exposure; not all studies control for PFOA in study design.
Studies also included populations with known elevated exposure to other environmental chemicals
including PFOA in the C8 population or polybrominated diphenyl ethers (PBDEs) and other persistent
organic compounds among the Inuit population. Overall, the epidemiologic evidence supports an
association between PFOS and increased total cholesterol.
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Some of the studies that examined serum LDL and HDL cholesterol also found significant increases
these measures. Neither of these lipoprotein complexes is a stand-alone indicator for cardiovascular
decrease risk. Rather, it is the relationship across the lipoprotein complexes within the same individuals
that is important with HDLs considered as protective and LDLs a biomarker for potential
atherosclerosis. Relatively few studies of triglycerides noted a significant increase with the serum PFOS
levels.”

Mew Jersey Drinking Water Quality Institute (DWQI, Public Review Draft 20186)

The DWQI reported in its health-based maximum contaminant level support document for PFOA on
the evidence of PFOA on cholesterol in humans.

Studies reviewed

The DWQI reported: “Associations of serum lipids and PFOA were evaluated in 24 studies, each of
which included one or more of the following end points: total cholesterol, high density lipid cholesterol
(HDL), non-HDL, ratio of total cholesterol to HDL, low-density lipid cholesterol (LDL), very low-density
lipid cholesterol (VLDL), ratio of HDL to LDL, and triglycerides. There is also one additional study which
only evaluated expression of genes related to cholesterol transport in humans (Fletcher et al. 2013).”

For total cholesterol, the DWQI reviewed a total of twenty studies that: “evaluated serum total
cholesterol and two self-reported clinically defined high cholesterol”. The two studies that examined
self-reported clinically defined high cholesterol were Steenland et al. (2015) and Winquist and
Steenland (2014); the DWQI did not further discuss these studies regarding PFAS exposure and
cholesterol.

The DWQI also noted Fletcher et al. (2013), an additional study on the expression of genes related to
cholesterol.

The DWQI reported the results by study type and noted that among the 20 serum total cholesterol
studies:

# Fifteen studies were cross-sectional (Emmett et al. 2006; Eriksen et al. 2013; Fisher et al.
2013; Frisbee et al. 2010; Fu et al. 2014; Geiger et al. 20143; Gilliland and Mandel 1996;
Nelson et al. 2010; Olsen et al. 2000; Olsen and Zobel 2007; Sakr et al. 2007b; Starling et al.
2014b; Steenland et al. 2009; Wang et al. 2012; and Zeng et al. 2015), including:

- Seven studies of the general population or individuals with low level exposures
(Eriksen et al. 2013; Fisher et al. 2013; Fu et al. 2014; Geiger et al. 20143a; Nelson et al.
2010; Starling et al. 2014b; and Zeng et al. 2015);

- Four studies of residents of highly exposed communities (Emmett et al. 2006;
Frisbee et al. 2010; Steenland et al. 2009; Wang et al. 2012); and

- Five studies of occupationally exposed individuals (Gilliland and Mandel 1996; Olsen
et al. 2000; Olsen and Zobel 2007; Sakr et al. 2007b; and Wang et al. 2012).

@ Two studies included cross-sectional and other analyses (Costa et al. 200g; and Olsen et al.
2003a).
@ Five studies were occupational exposure studies evaluating serum total cholesterol and

PFOA, including one case control study (Costa et al. 200g), and four cohort studies,
including one study of residents of a highly-exposed community (Fitz-Simon et al. 2013)
and three studies of occupationally exposed individuals (Olsen et al. 2003a; Olsen et al.
2012; and Sakr et al. 2007a).
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The studies reviewed regarding HDL, Non-HDL, Ratio of HDL to Total cholesterol and LDL are
reported under the respective sections in *Summaries of studies reviewed".

There were 10 studies on PFOA and serum lipids that were not reported on by the ATSDR (Fletcher
et al. 2013; Fu et al. 2014; Geiger et al. 20143; Gillland and Mandel 1996; Lin et al. 20113; Lin et al.
2013; Starling et al. 2014b; Steenland et al. 2015; Winquist and Steenland 2014; and Zeng et al.
2015).

The US EPA did not review six of the studies reviewed by the DWQI (Gilland et al. 1996; Wang et al.
2012; Fu et al. 2014; Lin et al. 2011; Lin et al. 2013; Zeng et al. 2015).

Considerations and conclusions

In the ‘Executive Summary’, the DWQI made the following statements: “Of the end points that were
evaluated comprehensively, the evidence for associations with PFOA was strongest for increases in
serum levels of cholesterol. PFOA was associated with clinically defined hypercholesterolemia in a
community exposed through drinking water. The epidemiological evidence supports multiple criteria for
a causal relationship between PFOA and both serum cholesterol and ALT. Notably, the steepest dose
response for associations with these end points was within the range of serum PFOA concentrations
found in the general population and communities with drinking water exposures, with a much flatter
curve at higher serum concentrations.

For some other end points that were comprehensively reviewed, limited evidence of an association with
PFOA was found. Other end points with limited evidence of an association include LDL. There was ...no
evidence for association with HDL.”

At the end of the section ‘Serum lipids’, the DWQI stated: “In summary, the epidemiologic database
for serum cholesterol and PFOA, which included twenty studies, provides evidence of consistency,
strength and dose-response, including some evidence of temporality. Associations with clinically
defined hypercholesterolemia were reported in some studies. These findings provide evidence
supporting a causal relationship between PFOA and serum cholesterol. Overall, the epidemiologic
evidence suggests no evidence of an association with HDL and PFOA. There were a limited number of
epidemiologic studies evaluating an association with non-HDL or the ratio of total cholesterol to HDL
and PFOA. The epidemiologic database for PFOA and LDL appears inconsistent. Although there is some
evidence of an association with LDL, it remains limited due to the interpretation of other studies which
found no evidence of an association. There is limited epidemiologic evidence evaluating associations of
VLDL, the ratio of HDL to LDL, and triglycerides with PFOA."

Summuaries of studies reviewed
Oreupationad exposure studies - PFOA and total cholesters!

The DWQI stated the following about the occupational studies they reviewed on total cholesterol:
“Of the five occupational cross-sectional studies, only one U. S. occupational study (n=840) with a
median serum PFOA concentration of 189 ng/ml found a positive statistically significant association
with serum cholesterol (Sakr et al. 2007b). The remaining four occupational cross-sectional studies
which did not find evidence of an association include two U.S. male only worker studies, one with a
mean serum PFOA concentration of 3,300 ng/ml and a sample size of 115 (Gilliland and Mandel 1996),
and one with a mean serum PFOA concentration of 1,190 ng/ml with a sample size of 265 (Olsen et al.
2000). The third study took place in both the U.S. and Belgium with a median PFOA concentration of
2210 ng/ml and a sample size of 506 (Olsen and Zobel 2007) and the fourth cross-sectional study
included 55 workers in China with a median PFOA concentration of 1,636 ng/m{ (Wang et al. 2012). Five
of the 20 studies had study designs other than cross-sectional. A longitudinal analysis of workers from
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Belgium and U.S. with a range of PFOA means of 1,220 to 1,900 ng/ml (Olsen et al. 2003a), and
another longitudinal worker cohort analysis from the U.S. with a range of PFOA exposure from 1,010 to
1,260 ng/ml (Sakr et al. 2007a), both found evidence of an association with PFOA and serum
cholesterol. A third occupational cohort study utilizing matched-pair analysis of 98 to 179 workers
(highly exposed of 881 ng/ml PFOA mean v. lower exposed of 28.9 ng/ml PFOA mean) did not find a
statistically significant association (Olsen et al. 2012). None of these studies found evidence of a
statistically significant inverse association with serum cholesterol and PFOA. An Italian male
occupational case-control study with PFOA median concentration 4,400 among formerly exposed
workers and a median of 5,700 ng/ml among currently exposed workers, with cross-sectional analysis,
found evidence of a positive association (Costa et al. 2009). Among the cohort studies, a longitudinal
study of individuals in highly-exposed mid-Ohio Valley communities, with geometric mean PFOA
concentrations of 74.8 ng/ml at baseline and 30.8 ng/ml at follow-up, found evidence of a positive
association (Fitz-Simon et al. 2013).”

The DWQI continued: “Several of the studies mentioned above showed statistically significant trends
for increased serum cholesterol with increasing serum PFOA. A decile analysis of PFOA with total
cholesterol among a large study of residents of a highly exposed community showed an increasing
effect of PFOA on cholesterol and additionally the odds of clinically defined hypercholesterolemia (2240
mg/dL) increased 40-50% from the lowest to the highest quartile of PFOA (Steenland et al. 2009). A
statistically significant trend of increasing serum cholesterol with increasing PFOA was also reported in
at least five other studies (Frisbee et al. 2010, Fu et al. 2014, Geiger et al. 2014a; and Zeng et al. 2015).”

High-exposure communities — PFOA and total cholestero]

The DWQI reported: “Two large cross-sectional studies evaluated individuals residing in communities
located in the mid-Ohio Valley with drinking water contaminated with PFOA. One study included
12,476 children aged 1 to 17.9 years with a mean serum PFOA concentration of 69.2 ng/ml (Frisbee et al.
2010) and the other included 46,294 individuals aged 18 years or older with a median serum 65 PFOA
concentration of 27 ng/ml (Steenland et al. 2009). Both studies found a positive, statistically significant
association of serum PFOA and cholesterol. A third smaller (n=371) cross-sectional study from the water
district in the mid-Ohio Valley with the highest PFOA levels in its drinking water, with a much higher
median serum PFOA concentration, 354 ng/ml, did not find a statistically significant association
(Emmett et al. 2006). A fourth study from China, which in addition to a study of 132 residents located
near a plant utilizing PFOA with a median PFOA concentration of 284 ng/ml also included a worker
study, did not find an association with serum cholesterol in either group (Wang et al. 2012).”

General population or low exposure communities — PFOA and total cholesterol

The DWQI reported: “Six of seven cross-sectional studies of the general population or populations with
low-level exposures found evidence of statistically significant positive associations with serum
cholesterol and PFOA. These studies of general population level exposures include a study nested in a
larger cohort in Denmark of adults, aged 5o to 65 years, with mean serum PFOA concentration of 7.1
ng/ml (Eriksen et al. 2012); a general population study in Canada with a PFOA geometric mean of 2.5
ng/ml (Fisher et al. 2013); a small study of individuals randomly selected from attendees at a health
check-up clinic with a median serum PFOA concentration of 1.4 ng/ml (Fu et al. 2014); a study of
children in the U.S. general population with a serum PFOA mean concentration of 4.3 ng/ml (Geiger et
al. 2014a); a study of the general U.S. population aged 12 years older with a median PFOA
concentration of 3.8 ng/ml (Nelson et al. 2010); and a study of subjects recruited from the control group
of another study in Taiwan with median PFOA exposures of 1.1 ng/ml in boys and 0.9 ng/ml in girls
(Zeng et al. 2015). A study of pregnant women recruited from a larger cohort in Norway, with a median
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serum PFOA concentration of 2.3 ng/ml, did not find a statistically significant positive association with
PFOA and serum cholesterol; however, results showed a positive and increasing association of
cholesterol with increasing quartiles of PFOA (Starling et al. z014b).”

DWOI Summary on PFOA and total chofesterol studies reviewed

The DWQI made the following comments and conclusion about total cholesterol: “In summary,
general population level exposure studies (seven), found consistent evidence of a positive association
between PFOA and serum cholesterol. Additionally, three very large studies (two cross-sectional and a
cohort study) of highly exposed community populations found evidence of a positive association
between PFOA and serum cholesterol. Two longitudinal occupational studies also found a positive
association, along with one case-control occupational study. in contrast, results from two much smaller
cross-sectional studies of highly exposed community populations (with higher median population
exposures than the three larger studies) and a matched-pairs occupational study did not find an
association. Although findings from the occupational cross-sectional studies in general (four out of five)
found no evidence of an association, they may be biased toward the null by a healthy worker effect.
This is suggested by a similar pattern of inconsistency among these study’s findings as compared to the
findings from the corresponding database were also noted for other serum lipid end points (HDL and
LDL - discussed below). In general, studies of the general population, as well as large, mid-exposure
range community studies and occupational studies with longitudinal designs, found consistent evidence
of an association, while a few smaller, higher exposure range community and occupational studies
found no evidence. None of the 20 studies evaluated found evidence of an inverse association.”

“A review by Steenland et al. (2010a) summarized and evaluated the epidemiologic literature on PFOA
and cholesterol available at that time. The authors noted that the lower the range of PFOA that was
studied, the greater the change in cholesterol per unit change in PFOA. They suggest that, as discussed
in Occupational Studies (above), an exposure-response relationship that is steep at low PFOA
concentrations and then flattens out (i.e. approaches a plateau) at higher serum PFOA concentrations is
a possible explanation for the observed differences in effect magnitudes. Therefore, studies of
populations with high serum PFOA concentrations may not detect an association of PFOA with serum
cholesterol if there is a steep dose-response curve for the association in the lower exposure ranges. For
dose-response curves of this type, associations may not be evident in populations with higher exposures
since even the least exposed individuals in the comparison group may have exposures that fall on the
much flatter (approaching a plateau) portion of the exposure/response curve.”

HOL

The DWQI reviewed 19 studies on PFOA exposure and HDL. They noted that: “An increase in HDL is
considered to be beneficial, as compared to increases in total cholesterol, LDL, and non-HDL, which are
considered to be undesirable.”

The DWQI reported on these studies that: “"None of these studies found an association with increased
HDL, while four of the 19 studies found evidence of statistically significant decreased association with
HDL (Gilliland and Mandel 1996; Olsen et al. 2000; Olsen and Zobel 2007; and Wang et al. 2012).
Interestingly, these four studies are all occupational cross-sectional studies which also did not find
evidence of an association with PFOA and increased serum cholesterol (described above), whereas the
only other additional occupational cross-sectional study found no evidence of an association with HDL
but did find a statistically significant positive association between PFOA and cholesterol (Sakr et al.
2007b). These differences in findings suggest that these occupational cross-sectional studies may be
biased from a healthy worker effect. There was no evidence of statistically significant associations with
HDL in any of the other 15 studies (Costa et al. 2009; Fisher et al. 2013; Fitz-Simon et al. 2013; Frisbee et
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al 2010; Fu et al. 2014; Geiger et al. 2014a; Lin et al. 2011; Nelson et al. 2010; Olsen et al. 2003a; Olsen
et al. 2012; Sakr et al. 2007a; Sakr et al. 2007b; Starling et al. 2014b; Steenland et al. 2009; Wang et al.
2012 [resident study]; and Zeng et al. 2015).”

Mon-HOL cholesterol (e, total cholesterol -~ HDL cholesterad)

The DWQI reported “Non-HDL was evaluated in four studies: two general population cross-sectional
studies (Fisher et al. 2013; and Nelson et al. 2010), a U.S. occupational longitudinal study (Olsen et al.
2012), and a large cross-sectional study of residents in highly exposed communities (Steenland et al.
2009). Three of the studies found statistically significant positive associations with non-HDL and PFOA
(Fisher et al. 2013; Nelson et al. 2010; and Olsen et al. 2012), while the occupational longitudinal study
had a negative association with non-HDL which was not statistically significant (Olsen et al. 2012).”

Ratio of HDL to totel cholesters!

The DWQI reported the following of the literature they reviewed: “The ratio of total cholesterol to
HDL was evaluated in three studies with inconsistent findings. A general population study in Canada
did not find evidence of a statistically significant association (Fisher et al. 2013), U.S. occupational
longitudinal study found a statistically significant negative association (Olsen et al. 2012), and a large
study of residents from a highly exposed community found a statistically significant positive association
(Steenland et al. 2009)."”

LI cholesterol

The DWQI reported the following on the studies they reviewed that investigated PFOA and serum
LDL: “Associations of LDL and PFOA were evaluated in 16 studies. Fourteen of the studies are cross-
sectional, which includes seven low level exposure populations (Fisher et al. 2013; Fu et al. 2014, Geiger
et al. 20140; Lin et al. 2013; Nelson et al. 2010; Starling et al. 2014b; and Zeng et al. 2015), three
studies of residents from a highly exposed community (Frisbee et al. 2010; Steenland et al. 2009, Wang
et al. 2012), and five studies of occupationally exposed individuals (Gilliland and Mandel 1996; Olsen et
al. zo000; Olsen and Zobel z007; Sakr et al.; 2007b ; and Wang et al. 2012). The other two studies of LDL
and PFOA include an occupational longitudinal study (Sakr et al. 2007a) and a cohort study of residents
from the highly exposed community, mid-Ohio Valley (Fitz-Simon et al. 2013). Among the cross-
sectional studies of populations with low level exposure, three found evidence of statistically significant
positive associations with LDL (Fu et al. 2014; Geiger et al. 2014a; and Zeng et al. 2015) and four found
no statistically significant evidence of an association (Fisher et al. z013; Lin et al. 2013; Nelson et al.
2013; and Starling et al. 2014b). Of the three cross-sectional studies of residents from a highly exposed
community; the two large studies in the mid-Ohio Valley, one which included children and the other of
adults, found evidence of statistically significant positive association (Frisbee et al. 2010, and Steenland
et al. 2009); while the third smaller study of 132 residents in China found no evidence of an association
(Wang et al. 2012).

Four of the five occupational cross-sectional studies found no association (Gilliland and Mandel 1996;
Olsen et al. 2000; Olsen and Zobel, 2007; and Wang et al. 2012) while only one of the studies found
evidence of a statistically significant association with both LDL and VLDL (Sakr et al. with LDL (Sakr et
al. 2007a) while a cohort study of residents from a highly exposed 2007b). Additionally, an occupational
longitudinal study found a positive, non-statistically significant association community found a
statistically significant positive association (Fitz-Simon et al. 2013). Finally, the ratio of HDL to LDL was
evaluated in a cross-sectional study which assessed both occupational and highly exposed residential
populations and found a negative association with the worker population and no evidence of a
statistically significant association with the residential population (Wang et al. 2012).”
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DWGOI Summary on PFOA and LDL

The DWQI made the following comments about the studies they reviewed: “In summary, positive
associations with PFOA and LDL were inconsistent among low level exposure populations, and largely
unassociated in occupational studies, but there is consistent evidence of an association with PFOA and
LDL among larger studies of the highly exposed mid Ohio Valley communities: two cross-sectional
studies one among children and another among adults, and a longitudinal study.”

Triglycerides

The DWQI reported of the studies they reviewed: “Sixteen studies evaluated triglycerides with
inconsistent findings. Four of the studies found evidence of positive statistically significant association
(Frisbee et al. 2010; Olsen et al. 2003a; Olsen and Zobel, 2007; and Zeng et al. 2015), one found
evidence of a negative statistically significant association (Lin et al. 2013), and 11 studies found no
evidence of a statistically significant association (Costa et al. 2009; Fisher et al. z013; Fitz-Simon et al.
2013; Fu et al. 2014; Geiger et al. 20140; Lin et al. 2011; Olsen et al. 2000; Sakr et al. 2007q; Sakr et al.
2007b; Starling et al. 2014b; and Wang et al. 2012).”

fssues with studies

The DWQI raised the following concern about the study by Fu et al. (2014), stating: “Selection bias
may be an issue in Fu et al. (2014) since the study included only individuals attending a health clinic
check-up such that individuals concerned with existing health issues may be more likely to be included.
Selection bias may also be an issve in Lin et al. (2013), which included individuals with an abnormal
urinalysis from a population-based screening program in which the final study population was made up
of 246 (37%) individuals with elevated blood pressure. Information bias is unlikely to have an impact in
the general population studies which relied on serum concentrations and clinical biomarkers. In
contrast, some occupational studies relied on medical record abstraction of clinical parameters. Other
limitations of occupational studies include small sample size that may limit power to detect
associations, possibility of healthy worker effect, inclusion of few or no women, and the possibility that
exposure in the least exposed groups may be well above the population exposure range in
occupationally exposed individuals.”

Biological plausibility

The DWQI also considered a paper by Fletcher et al. (2013) and commented: “The biological
plausibility of the association of PFOA and serum cholesterol was investigated in a study of associations
of serum PFOA and changes in expression of genes involved in cholesterol metabolism. In this cross-
sectional study, expression of 13 genes involved in cholesterol metabolism (cholesterol biogenesis,
peroxisome proliferation, cholesterol transport, downstream transcriptional activation of PPAR-alpha,
and mobilization of cholesterol) was evaluated in whole blood from 290 subjects from a highly exposed
community (geometric mean serum PFOA, 32.2 ng/ml). Statistically significant associations between
genes involved in cholesterol transport and mobilization and PFOA were found, and the affected genes
differed in men and women. The authors state that these change in gene expression “appear consistent
with PFOA promoting a hypercholesterolemic environment” (Fletcher et al. 2013).”

Duteh Mational Institute for Public Health and the Environment (RIVM, 2017},

The RIVM reviewed international reports and epidemiological studies that had reported on PFAS
exposure and blood lipid concentrations.
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Studies reviewed

The RIVM considered the findings of five international reviews: (C8Science Panel (2012); ATSDR
(2015); ECHA-RAC (2015); DWQI (2016); US EPA (20163).

The RIVM also reviewed 23 studies on blood lipids and exposure to PFOA. The studies included:

# nine occupational exposure studies with workers from PFOA production plants (Costa et al.
2009; Gilliland and Mande! 1996; Olsen et al. 2000; Olsen et al. 2003a; Olsen et al. 2012;
Olsen and Zobel 2007; Sakr et al. 2007a; Sakr et al. 2007b; Steenland et al. 2015);

® six studies of high-exposure communities (Emmett et al. 2006, Fitz-Simon et al. 2013,
Frisbee et al. 2010, Steenland et al. 2009), including two studies in which workers were also
examined (Wang et al. 2012; Winquist and Steenland, 2014a); and

# seven studies in the general population (Eriksen et al. 2013; Fisher et al. 2013; Fu et al.
2014; Geiger et al. 20144a; Lin et al. 2011; Lin et al. 2013a; Nelson et al. 2010; Starling et al.
2014b; and Zeng et al. 2015).

All of the studies were mentioned by previous reports (ATSDR, DWQI, US EPA 2106a, and US EPA
2016b). The RIVM reviewed all of the studies in succinct paragraphs and these are added below to
complement the information provided in the above sections of each report.

Considerations and conclusions

The RIVM concluded in the ‘Synopsis”: “The strength of evidence for the existence of a possible
association differs between the observed effects. The clearest evidence has been found for a
relationship between exposure to PFOA and higher total cholesterol concentrations in blood... For all
other examined associations, the evidence is less clear. There are indications of an association with
higher blood concentrations of LDL-cholesterol.”

Summaries of studies reviewed
Occupational exposure studies

The RIVM cited nine studies that focused on occupational exposure to PFAS and cholesterol with
workers from PFOA production plants (Costa et al. 2009; Gillland and Mandel 1996; Olsen et al.
2000; Olsen et al. 20033; Olsen et al. 2012; Olsen and Zobel 2007; Sakr et al. 2007a; Sakr et al. 2007b;
Steenland et al. 2015). The RIVM noted the study by Wang et al. (2012) included both an
occupational study population as well as a high exposure community.

All 10 of the studies have been reviewed by one or more of the previous international reports
(ATSDR, DWQI, or US EPA 2016a and 2016b). The ATSDR reviewed Costa et al. (200g); Olsen et al.
(2000); Olsen et al. (2003a); Olsen et al. (2012); Olsen and Zobel (2007); Sakr et al. (2007a); Sakr et
al. (2007b); and Wang et al. (2012). The DWQI reported on all 10 of the studies but did not expand
upon the results of Steenland et al. (2015). The US EPA (2016a) reviewed Costa et al. (2009); Olsen
et al. (2000); Olsen and Zobel (2007); Sakr et al. (2007a); Sakr et al. (2007b); and Steenland et al.
(2015). The US EPA (2016b) reviewed Olsen et al. (2003a).

The RIVM reviewed the following results from the nine studies: “Five studies (Costa et al. 2009; Olsen
et al. 2003q; Olsen and Zobel, 2007; Sakr et al. 2007a; Sakr et al. 2007b) found positive and statistically
significant associations between blood PFOA and total cholesterol concentrations. Positive non-
significant associations were reported in three studies (Gilliland and Mandel, 1996; Olsen et al. 2000;
Wang J. et al. 2012). One study reported a negative non-significant association (Olsen et al. 2012) and
one study (Steenland et al. 2015) did not include total cholesterol concentrations (but self-reported
elevated cholesterol with medication).”
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Of the six studies that examined LDL-cholesterol, the RIVM found: “Five studies (Gilliland and
Mandel, 1996; Olsen and Zobel, 2007; Sakr et al. 20070; Sakr et al. 2007b; Wang J. et al. 2012) showed
positive associations with PFOA concentrations, one of which (Sakr et al. 2007b) was statistically
significant. One study reported cholesterol concentrations per tertile of PFOA, with no apparent positive
or negative association (Olsen et al. 2000).”

Of the nine studies that examined HDL-cholesterol, the RIVM stated: “Five studies (Gilliland and
Mandel, 1996; Olsen et al. 2000; Olsen and Zobel, 2007; Sakr et al. 2007b; Wang J. et al. 2012) found
negative associations with PFOA, two of which (Olsen and Zobel, 2007; Wang J. et al. 2012) were
statistically significant. One study (Sakr et al. 2007a) found a nonsignificant positive association. Two
studies (Costa et al. 2009; Olsen et al. 2012) found non-significant associations that were either positive
or negative, depending on the statistical model, and in one study (Olsen et al. 2003a) the association
was not quantified.”

High-exposure communities

The RIVM reviewed six studies of high-exposure communities. Four were from the C8 Health Project
(Fitz-Simon et al. 2013; Frisbee et al. 2010; Steenland et al. 200g; and Winquist and Steenland
20143a). One study was conducted in the C8 Health Project area (Emmett et al. 2006). One study
took place in China (Wang et al. 2012).

All six of the studies of high-exposure communities have been cited by earlier reports (ATSDR,
DWQI, US EPA 2016a and 2016b). The ATSDR cited Emmett et al. (2006); Fitz-Simon et al. (2013);
Frisbee et al. (2010); Steenland et al. (200g); and Wang et al. (2012). The DWQI reviewed all six
studies, but did not explore any details regarding the study by Winquist and Steenland (2014). The
US EPA (2106a) reported on Emmett et al. (2006); Fitz-Simon et al. (2013); Frisbee et al. (2010);
Steenland et al. (2009); and Winguist and Steenland (2014). The US EPA (2016b) reported on Fitz-
Simon et al. (2013); Frisbee et al. (2010); and Steenland et al. (2009).

The RIVM reported on the six studies of high-exposure communities, stating: “Three studies from the
C8 Health Project found positive and statistically significant associations between serum PFOA
concentrations and total and LDL-cholesterol concentrations. These studies included cross-sectional
studies in 46,294 adults (Steenland et al. 2009) and 12,476 children (Frisbee et al. 20120) and one
longitudinal study in 560 adults (Fitz-Simon et al. 2013). Two studies also found an association between
PFOA and elevated total cholesterol concentrations (Frisbee et al. 2010; Steenland et al. 2009), and one
study between PFOA and elevated LDL-cholesterol levels (Frisbee et al. 2010) (not studied in Steenland
et al. (2009)). A longitudinal study from the C8 Health Project included both workers and members of
the high-exposure community and used modelled serum PFOA concentrations (Winquist and
Steenland, 2014a). They also found a higher incidence of medically validated diagnosis of
hypercholesterolemia with medication in those with higher cumulative, modelled serum PFOA
concentrations, i.e. hazard ratios were significantly higher in quintiles 2 (>142 ng/mL per year) through 5
(23,579 ng/mL per year) (hazard ratios in quintiles 2 through 5: 1.24, 1.17, 1.19, 1.19, see table 11)
(Winquist and Steenland, 2014a). The study conducted by Emmett et al. (2006) in the C8 Project area
studied total cholesterol levels and found a positive non-significant association with PFOA, but this
study was based on a much smaller data set (n=371) and did not adjust for potential confounders in the
statistical analysis. The study from China (Wang J. et al. 2012) included 132 residents and did not find
associations with total, LDL or HDL cholesterol or triglyceride concentrations.”

“None of the community studies found an association with HDL-cholesterol. An association with
triglycerides was found in the two large cross-sectional studies from the C8 Health Project (Frisbee et al.
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2010; Steenland et al. 2009), but not in the longitudinal study (Fitz-Simon et al. 2013) or the study from
China (Wang J. et al. 2012).”

Generad population studies

The RIVM cited seven studies that focused on total blood cholesterol concentration in the general
population (Eriksen et al. 2013; Fisher et al. 2013; Fu et al. 2014; Geiger et al. 20143a; Nelson et al.
2010; Starling et al. 2014b; and Zeng et al. 2015).

All seven of the studies have been considered by earlier reports (ATSDR, DWQI, US EPA (2016a and
2016Db)). The ATSDR reviewed Eriksen et al. (2013); Fisher et al. (2013); and Nelson et al. (2010). The
DWQI reviewed all seven of the general population studies. The US EPA (2016a and 2016b) reviewed
Eriksen et al. (2013); Fisher et al. (2013); Geiger et al. (2014a); Nelson et al. (2010); and Starling et al.
(2014b).

The RIVM reported on the results of the seven general population studies: “All seven studies that
measured total blood cholesterol concentration in the general population found a positive association
between serum or plasma PFOA and total cholesterol... In five (Eriksen et al. 2013; Fu et al. 2014; Geiger
et al. 2014a; Nelson et al. 2010; Zeng et al. 2015) of the seven studies, the association was statistically
significant. LDL was also measured in seven studies. Three studies (Fu et al. 2014; Geiger et al. 20140;
Zeng et al. 2015) observed a positive statistically significant association, two studies (Fisher et al. 2013;
Starling et al. 2014b) a non-significant positive association and two studies (Lin et al. 2013a; Nelson et
al. 2010) non-significant negative associations. Nelson et al. (2010), however, although they did not
find an association with LDL-cholesterol, did find a positive statistically significant association between
PFOA and non-HDL (i.e. LDL + VLDL) cholesterol. HDL -cholesterol was measured in seven studies. In
one study positive and negative, statistically significant associations were found in adolescent girls and
elderly men, respectively. The other six studies found statistically non-significant positive and negative
associations.”

Food Standards Australia New Zealand (FSANZ, zo17)

In 2017, FSANZ made a number of statements about the evidence on PFAS and cholesterol in the
‘Hazard assessment report for PFOA, PFOS and PFHxS'.

Studies reviewed

FSANZ used the US EPA (2026a and 2016b) and EFSA (2008) (not used for this report) reports to
decide which studies were included in their analysis, along with additional studies identified by
FSANZ. This information can be found in ‘Appendix Two'. The following studies were included by
FSANZ:

# two studies of pregnant women (Skuladottir et al. 2015; Starling et al. 2014b);

® five studies of children (Frisbee et al. 2010; Geiger et al. 20143; Lin et al. 20133; Maisonet et
al. 2015b; Zeng et al. 2015);

L six studies of adults (Chateau-Degat et al. 2010; Olsen and Zobel 2007 (PFOA); Olsen et al.
2003a (PFOS); Steenland et al. 2009; Nelson et al. 2010; Eriksen et al. 2013); and

w five studies of adults (included in the qualitative analysis) (Christensen et al. 2016"; Costa
et al. 2009; Fisher et al. 2013; Fu et al. 2014; Wang et al. 2012).

7 FSANZ cites this reference as Christiansen et al. 2016 in the body of their report.
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Considerations and conclusions

In their 2017 ‘Hazard assessment report for PFOS, PFOA and PFHxS', FSANZ reported in the
‘Executive Summary’: “The US EPA (2016) concluded that associations that appear to be reasonably
consistent and repeatable are those with increased serum cholesterol... FSANZ has reviewed the
available human epidemiological information and concluded that while there is evidence of these
associations, it is not possible to determine whether PFOS or PFOA causes the changes, or whether
other factors are involved. As these are observational studies, FSANZ considers that the meaning and
clinical significance of the associations for PFOS and PFOA for... increased cholesterol in humans are
uncertain and should be treated with caution.”

PFOS5

In the ‘Serum lipids’ sections for PFOS, FSANZ stated: "FSANZ reviewed the available epidemiological
data relating to PFOS and PFOA exposure and serum cholesterol (Appendix 2). A number of studies that
were not referred to in the EFSA and US EPA reviews were identified and included in the analysis. The
FSANZ review noted that overall the cross-sectional studies show a fairly consistent finding of a
positive association between total and LDL cholesterol and low serum concentrations of PFOS, with the
association plateauing at higher PFOS levels. At around 40 ng/mL serum PFOS concentration, total
cholesterol was around 0.3 mmol/L higher than the lowest PFOS exposure groups. The lack of
association in some occupational groups might be explained because there were not enough low
concentrations in the study group to detect the effect at low PFOS concentrations. The FSANZ review
observed that a number of studies note a correlation between concentrations of PFOS and PFOA but do
not adjust the results for each other. Similarly, populations with high exposure to PFAS may also be
exposed to other contaminants but these have not been considered in most studies. Another limitation
is that most studies do not adjust for diet. In addition, kidney function does not seem to have been
examined together with cholesterol concentrations. This may be important as PFAS concentrations
increase as glomerular filtration rate (GFR) decreases, and it is also known that there is an inverse
correlation between serum LDL cholesterol and GFR (Morita et al. 2010).”

In the ‘Discussion and conclusions’ PFOS section, FSANZ stated that: “"A number of studies that were
not referred to in the EFSA [European Food Safety Authority] ** and US EPA reviews were identified and
included in the analysis. The FSANZ review noted that overall the cross-sectional studies show a fairly
consistent finding of a positive association between total and LDL cholesterol at low serum
concentrations of PFOS, with the association plateauing at higher PFOS levels. However, a number of
limitations were observed including that some studies note a correlation between concentrations of
PFOS and PFOA but do not adjust the results for each other. Similarly, populations with high exposure
to PFAS may also be exposed to other contaminants but these have not been considered in the studies,
and most studies do not adjust for diet or consider the impact of GFR [glomerular filtration rate].”

PFOA

In the ‘PFOA — Serum lipids’ section, FSANZ stated that it: “considered that studies in both adults and
children suggest a positive association between total and LDL cholesterol and PFOA concentration at
very low concentrations of PFOA but not at higher concentrations (Appendix 2). At around 25 ng/mL,
total cholesterol is about 0.2-0.3 mmol/ higher than the lowest groups in the studies and then the

*® EFSA is a European agency funded by the European Union that operates independently of the European legislative and
executive institutions (Commission, Council, Parliament) and EU Member States. EFSA's scientific advice helps to protect
consumers, animals and the environment from food-related risks. EFSA provide independent scientific advice to the
decision makers who regulate food safety in Europe. Source: https://www.efsa.europa.eu/ The EFSA report referred to was
published in 2008 and is outside the Panel’s inclusion dates.
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association plateaus. The quantitative results from pregnant women are more inconsistent, but this
may be related to haemostatic changes during pregnancy. There appears to be little or no association
with HDL cholesterol, and not all studies have adverse findings. The few longitudinal data that are
available do not contradict the findings in the cross-sectional studies. However, the results in humans
do contradict the findings in animals because increased PFAS concentrations in animals decrease total
cholesterol.”

In the ‘Discussion and conclusions’ section for PFOA, FSANZ reported: “PFOA is highly persistent in
human beings, with an elimination half-life measured in years. This persistence gives rise to some
concern, although PFOA appears to have few adverse effects. Toxic mechanism(s) in humans are
unclear, but epidemiological evidence suggests that PFOA may be positively associated with serum
levels of cholesterol, LDL, and serum triglycerides.

The positive association of PFOA with elevated levels of cholesterol and triglycerides in the circulation in
human beings are inconsistent with findings in experimental animals, and are also the reverse of those
that would generally be expected of a PPARx agonist. Fibrates including gemfibrozil, bezafibrate and
fenofibrate are PPARa agonists that are prescribed to lower cholesterol and decrease plasma
triglycerides, and experimental evidence links these therapeutic effects with their PPARa agonism (Yu
et al. 2015). It is noteworthy that there is an inverse correlation between serum LDL cholesterol and
GFR, and that it has been suggested that LDL cholesterol reduces GFR by impairing the function of
renal arterioles and capillaries (Morita et al. 2010).”

Summary of studies reviewed

In the ‘Executive Summary’ of Appendix 2: ‘Observational studies of PFAS and Cholesterol
Concentrations’, FSANZ stated that: “/n summary, the cross-sectional studies overall present a fairly
consistent picture. Studies in both adults and children suggest a positive association between between
total cholesterol (total-C) and low density lipoprotein cholesterol (LDL-C) and PFOA concentration at
very low concentrations of PFOA but not at higher concentrations. At around 25 ng/mL blood
concentration, total-C is about 0.2 — 0.3 mmol/ higher than total-C in the lowest PFOA blood
concentration groups in the studies, above this the association plateaus. The quantitative results from
pregnant women are more inconsistent, but this may be related to changes in blood volume during
pregnancy. There appears to be little or no association with high density lipoprotein cholesterol (HDL-
C), and not all studies have adverse findings. Similar results were seen for PFOS with a plateau of 0.3
mmol/L total-C which is reached at around 40 ng/ mL blood concentration. The lack of association
reported in some occupational groups might be due to the lack of sufficient subjects with low
concentrations of PDAS to detect the effect. The few longitudinal data that are available do not
contradict the findings in the cross-sectional studies. However, the results in humans do contradict the
findings in animals because increased PFAS concentrations in animals decrease total-C.”

FSANZ also stated that: "t is not possible to determine whether the inconsistent information presented
across the studies occurs because the samples were not tested for certain cholesterol fractions or
whether the authors have failed to report non-significant results. Therefore the question of whether
there is publication bias affecting this body of literature must be raised. Studies have been included
reqardless of whether or not they have reported their results in a common format because failure to do
this may have introduced a bias into the body of evidence. As far as it is possible to tell, the results of
studies which could not be graphed do not contradict the results of studies which could be graphed in a
qualitative sense although it is not possible to make a quantitative comparison.”
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Norn-pregnant adults - PFOA

FSANZ reviewed the 10 studies that investigated exposure to PFOA and cholesterol concentrations
in non-pregnant adults, and commented that: “Overall, studies examining the lower ranges of
exposure are consistent in reporting an increase in total-C with increasing blood PFOA concentrations
which then plateaus at higher PFOA concentrations. The largest study reports that the association
attenuates, which might reflect a plateau or an ongoing but much slower increase, from about 25
ng/mL. Other studies either do not cover this range or do not have enough sample size to examine
where the change in slope might occur. Two of the studies reporting results for total-C did not report
whether they had analysed their samples for LDL-C (Costa et al. 2009; Christensen et al. 2016)
although one of these did analyse for HDL-C (Costa et al. 2009). Most report a similar pattern but a
smaller effect on LDL-C than total-C (Figure A2.2). 